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Section 1

INTRODUCTION AND BACKGROUND

1.1 INTRODUCTION

The detonation of atomic bombs over Hiroshima and Nagasaki, Japan

brought World War 11 to a rapid conclusion. After the Japanese surrender, U.S.

military forces occupied these cities and may have been exposed to the residual

radioactive contamination produced by the nuclear detonations. The purpose of

this report is to present estimates of the radiation doses received by these U.S.

occupation forces. The dose estimates include the contribution from radio-

active material that may have been inhaled or ingested (drinking water) during

the occupation period. These estimates are based on historical documents

prepared by U.S. military organizations and technical information published in

the scientific literature. Since the historical documents pertain to unit rather

than individual activities and do not contain extensive specific details regarding

operations within the contaminated areas, these estimates represent reasonable

upper limits derived from a "~worst case" scenario.

1.2 BACKGROUND

Atomic bombs were detonated over Hiroshima and Nagasaki, Japan on

6 August and 9 August, 1945, respectively. Both weapons were detonated high

above the ground (1670 ft at Hiroshima; 1640 ft at Nagasaki) resulting in

massive destruction but relatively small areas of significant residual radio-

active contamination. The two weapons differed considerably in design and

yield. The Hiroshima weapon was a gun-assembly type which employed U-235

as the fissionable material and had a yield of approximately 13 kilotons (kt).

The Nagasaki weapon was a Pu-239 implosion device with a yield of approxi-

mately 23 kt. I
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Section 2

BO0MB DAMAGE AND RESIDUAL RADIATION ENVIRONMENT

2.1 BOMB DAMAGE 1 2

In both Hiroshima and Nagasaki, the blast from the bombs destroyed
practically everything within a radius of I mile from the point directly under

the explosions, or Ground Zero (GZ). The only surviving objects were the
frames of a small number of reinforced concrete buildings; most of these

buildings suffered extensive damage from interior fires, had their windows,
doors, and partitions knocked out, and had all other fixtures which were not

integral parts of the reinforced frames burned or blown away. In Hiroshima
fires sprang up all over the wide, flat, central portion of the city; these fires
soon combined into an immense "tfire storm" which burned out almost every-
thing that had not already been destroyed by the blast in a roughly circular area
of about 4.4 square miles centered at GZ. Similar fires broke out in Nagasaki,

but no devastating fire storm resulted as in Hiroshima because of the irregular
shape of the city. However, the badly burned area included the entire northern
portion of the city and extended more than two miles south from GZ. Figures

1-4 illustrate the perimeter of virtually complete destruction resulting from

blast and fire.

2.2 RADIOLOGICAL SURVEYS 9 ' 10

The residual radiation levels in Hiroshima and Nagasaki about the time

of occupation troop arrival are falrly well- documented. As discussed in more
detail subsequently in Section 3, a scientific group organized by the Manhattan
Engineer District conducted radiological surveys in Nagasaki from 20 Septem-

ber to 6 October 1945, and in Hiroshima from 3 to 7 October 1945. Later
surveys were conducted in Nagasaki (15-27 October 1945) and Hiroshima (1-2
November 1945) by a team from the Naval Medical Research Institute (NMRI).

The NMRI surveys were supplemented by measurements made by Japanese

scientists at even later dates.

For the survey at Hiroshima, the Manhattan Engineer District survey
team used two Lauritzen-Wollan electroscopes and two portable counters (type

unspecified) developed by the University of Chicago, and manufactured by the
Victoreen Instrument Company. At Nagasaki all measurements were made with

4
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two portable Geiger Muller counters made by the Victoreen Instrument Com-

pany. All instruments were calibrated against a standard radium source and the

measurements were made with the instrument held 2 inches (5 centimeters)

above the g-ound.

The Naval Medical Research Institute survey team used a

Geiger-Muller type instrument constructed "in-house" for their measurements.

The NMRI instrument was also calibrated against a radium standard source;

however, most of their measurements were made at a height of one meter

above the ground. The NMRI team observed that readings in the area around

ground zero did not change as instrument height above the ground was varied

from 5 centimeters to I meter; however, in the downwind contaminated areas

readings taken at 5 centimeters above the ground were approximately double

those taken at I meter aL',e the ground. They attributed the difference to an

increased ratio of detectable beta activity in the downwind areas. The results

of these surveys are shown as follows:

Figure t: Manhattan District survey of Nagasaki 9

Figure 2: Manhattan District survey of Hiroshima 9

Figure 3: NMRI survey of Nagasaki1 0

Figure 4: NMRI survey of Hiroshima 0

2.3 ANALYSIS OF SURVEY RESULTS

Since the two surveys were conducted by different groups using

different instrumentation and survey techniques (measurement height above the

ground) and since there were changes in the environment (weathering, clearing

of rubble in the ground zero area by the Japanese, etc.) between surveys, it is

difficult to arrive at consistent conclusions based on a comparison of the survey

results. For example, a comparison of the two surveys at Hiroshima (Figures 2

and 4) clearly indicates a decay in the radiation intensity around the ground

zero (GZ) area in the month between surveys. A similar comparison of the

Nagasaki surveys (Figures I and 3) does not reveal such a clear pattern.

Perhaps this is due to the fact the Nagasaki surveys took longer to conduct and

there was a shorter time interval between them. Nevertheless, two important

facts are evident from these surveys:

0 Both surveys identified two distinct areas of contamination--one

centered around GZ and the other some distance downwind.

9



0 Both surveys indicated very low residual radiation levels (in

general, much less than one milliroentgen per hour (mR/hr).

The fact that there were two distinct areas of contamination in each

city provides an important clue relative to the nature of the radiation sources.
According to Glasstone , the maximum height above the ground at which a

nuclear detonation will normally produce significant local fallout is related to

weapon yield by the following equation:

H 180W
0 .4

where H = height of detonation in feet

W = weapon yield in kilotons

Using this equation, the maximum detonation heights at which the Hiroshima

and Nagasaki weapons would produce significant fallout are approximately 500

and 630 feet, respectively. Since both weapons were detonated above 1600 feet,
fallout in the immediate area around GZ would be extremely unlikely. There-

fore, the contamination in the GZ area resulted primarily from activation of

the soil and building materials by the neutrons released at the instant of the

nuclear detonation rather than by fallout (including unfissioned plutunium/

uranium). Evidence that supports this conclusion includes the following:

* The maps (Figures 1-4) portraying the residual radiation inten-

sity in the GZ area of each city, particularly those recorded by

the NMRI team, show approximately circular patterns of equal

intensity around GZ. Roughly circular patterns are typical of

neutron-induced activity fields produced by high altitude nuclear
weapons test shots at the Nevada Test Site during the 1950's.

* An analysis of the NMRI survey data (residual radiation intensity

as a functioo of distance from GZ) by Pace and Smith in 1959

was consistent with the assumption that the residual radiation
10

around GZ resulted from neutron-induced activity.

* Laboratory neutron-activation of soil and building materials

(concrete, brick, and roof tiles) taken from Hiroshima and Naga-
saki by Hashizume 1 5 and Arakawa 14 revealed that the only

radioisotopes of significance that would remain after 42 days

10



(starting date of Manhattan District Survey) were Scandium-46

(half-life 84 days) and Cobalt-60 (half-life 5.2 years). The

calculated radiological decay of the mixture of Co-60 and Sc-46

determined by Hashizume and Arakawa compares favorably with

the late time measurements made by the Japanese scientists

that supplemented the NMRI survey.

Both cities reported that '!black rain" fell in the downwind contami-

nated areas approximately 30 minutes after the bomb detonation. This is

indicative of precipitation scavenging of the nuclear cloud, or "rainout";

therefore, the downwind contaminated areas almost certainly resulted from

deposition of fission products. Evidence that supports this conclusion includes

the following:

* The contaminated area around the Nishiyama Reservoir ( a mile

or more downwind from the burst) was shielded by Mt. Kompira

from direct neutron exposure. In addition, the contours show a

decreasing intensity toward the burst. Both of these aspects

imply that the contamination could not result from neutron

activation.

* The maximum radiation levels detected around the Nishiyama

Reservoir were 1.0 to 1.8 mR/hr on 26 September 19459.

According to Reference 10, measurements in the same general

area on 12 November 1945, exhibited a mean of 0.7 mR/hr. This

decay is consistent with the "t- 1.2 rule" established for fission

products (fallout) for the first 6 months after detonation1 .
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Section 3

OCCUPATION HISTORY

The occupation of western Honshu, Japan's main island where Hiro-

shima is located, and the southern islands of Shikoku and Kyushu, where

Nagasaki is located, was assigned to the Sixth U.S. Army. These areas are

depicted in Figure 5. Major forces assigned to the Sixth Army for the

occupation were the I Corps, X Corps, and the V Amphibious Corps (VAC)

which, together with supporting units, totaled some 240,000 troops. 3

3.1 OCCUPATION MISSION

The mission of the occupation troops was to establish control of the

area, insure compliance with surrender terms, and demilitarize the Japanese

war machine. The infantry regiment was the basic organization used to

accomplish this mission, and occupation plans were based upon the presence of

such regiments in all prefectures (like U.S. counties) within Japan. The

following summary extracted from Reference 3 is a description of the opera-

tions of a typical regiment:

The outline of occupation duties was fairly well standardized

throughout the Sixth Army zone. The division of responsibility was

based upon the lines of Japanese prefectures so as to utilize the

governmental structure that lay within the area. Sixth Army assigned

a number of prefectures to each corps proportionate to the number of

troops available. The corps in turn assigned a specific number of

prefectures to a division. Regimental zones of responsibility were

usually a single prefecture except where more than three prefectures

lay within the division zone, in which case a regiment was to assume

responsibility for more than one prefecture. This exception occurred

in lightly populated prefectures which contained limited industrial or

military potentialities.

An infantry regiment moved into a prefecture with the mission

of supervising the execution of the Japanese surrender terms within its

zone of responsibility. The regimental commander was particularly

12
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responsible for seizing all Japanese Armed Forces installations and

disposition of all material therein, security of all enemy stores not

subject to immediate disposition, and supervision of demobilization of

Japanese Armed Forces when their services were no longer required

for maintenance of captured arms and material. A zone commander

eftected demobilization by an order to the Japanese commander at the

garrison or post that had been seized.

The mechanics of carrying out the regimental mission followed a

simple pattern. Initially the regiment moved into a bivouac area

within or near the zone of responsibility. The local Japanese military

commanders and prefects of police submitted lists of all Japanese

installations, and inventories of material within the area for consoli-

dation and survey by the regimental commander. Shortly thereafter,

reconnaissance patrols consisting of an officer and a rifle squad

patrolled sectors of the area to verify these inventories and also

search for any unreported installations or caches of material. With

this information the regimental commander was able to divide the

regimental zone into battalion zones of responsibility and the battalion

commanders snb-divided their areas into company zones of responsi-

bility.

The infantry company then became the working unit which

actually accomplished the destruction or consignment of i-aterial, or

the demobilization of Japanese Armed Forces that remained within

the coMpany zones. The company commander was empowered to seize

installations within his zone and, with the use of available Japanese

army personnel not yet demobilized and laborers obtained through the

'Japanese Home Ministry representative in his area, either destroy or

turn over to the Japanese Home Ministry all material within the

installation. IH.S. Army personnel were used only to supervise this

work and to see that complete destruction was accomplished.

The company commander disposed of material in accordance

with procedures outlined in the Ordnance Technical Division of the

Supreme Commander of Allied Powers (SCAP). All material fell into

the following categories: that to be destroyed or scrapped (explosives

I4



and armament not needed tar souvenirs or training purposes were chief

items); that to be used for our operation (telephones, radios, and

vehicles); that to be returned to the Japanese Home \iinist-y (fuel,

lumber, etc.); that to be issued our forces as trophies; or that to be

shipped to the U.S. for training purposes or as war trophies. Material

not marked for destruction was separated and shipped to designated

warehouses or dumps. Material marked for destruction was disposed

of by prescribed methods. Japanese labor hauled explosives aboard

Japanese trucks to approved burning areas, or if the installation was

located near a deep sea waterway the explosives were dumped at sea--

the safest and therefore preferable method. Unneeded metal items

were made ineffective and turned over to the Japanese f or scrap.

Physical control of the zone of responsibility proved remarkably

easy, for the Japanese were compliant and cooperative. Any disorders

among the Japanese themselves came within the authority of the

prefectural police, but any disi)rder involving action by the Japanese

against the Allied troops led to apprehension of the offenders by the

military police and the imposition of a penalty prescribed by the area

cornmmander.

3.2 INITIAL ENTRY - RADIOLOGICAL SURVEY

It was recognized that entry into the atomic-bombed cities of Hiro-

shima and Nagasaki might expose the occupation troops to residual radiation

resulting from the nuclear detonations. Therefore, with the concurrence of

General George Marshall, Chief of Staff, and General Douglas Mac'~rthur,

Theater Commander, a special scientific group was organized by the Manhattan

Engineer District. The primary objective of this group was to insure that

occupation troops would not be subjected to any possible "toxic" efiects. The

group consisted principally of medical personnel headed by Cal. Stafford L.

Warren (U.S. Army Medical Corps) and civil and electrical engineers. In order

to survey these areas as quickly as possible, the group was split. One-half of

the group was in Nagasaki from 20 September to 6 October; the other half was

in Hiroshima from 3 to 7 October 1 945. The group reported that the radiation

levels in both cities were very low and that these levels would not present a

hazard to the occupation forces. 2



3.3 OCCUPATION SCENARIO

The presence of pressure mines dropped by U.S. aircraft into major

Japanese harbors played a significant role in the deployment of occupation

forces. Studies by the Navy indicated that no difficulties would be encountered

in the Nagasaki harbor, but the harbor at Hiroshima would be inaccessible for

an indefinite period. 3Therefore, occupation troops arrived at Nagasaki well in

advance of troops in Hiroshima. For the same reason, Nagasaki was chosen to

be a primary staging area for the deployment of occupation troops throughout

the surrounding area; Hiroshima was not. Details regarding the occupation of

each city follow (see Figures 5-7 for locations of areas mentioned):

3.3.1 NAGASAKI 6''

Prior to the arrival of occupation troops, a POW recovery team landed

at Nagasaki (Figure 6) on I11 September 1945. The team was accompanied by a

dctachment of Marine guards from the USS Biloxi and the USS Wichita. During

the period 11-23 September, approximately 10,000 U.S. and allied POW's that

had been captive on the island of Kyushu were processed through Nagasaki for

evacuation to hospital ships awaiting in Nagasaki Harbor. While in Nagasaki,

the group operated from a POW Processing Center located near Dejima W harf.

The location of their billets is unknown, but it is logical to assume that they

were near-by. The Marine guards were relieved on 23 September when the 2d

Marine Division landed. Records indicate that the POW recovery tearns

mission was complete by 23 September; therefore, it is assumed that they also

departed Nagasaki on or about that date.

The occupation of the Nagasaki area was assigned to the 2d M arine

Division, 5th Amphibious Corps (VAC) of the Sixth U.S. Army. The occupation

began with the arrival of a small advance party on 16 September. The advance

party consisted of three officers from the Division Headquarters, one officer
from each of the Division Regimental Combat Teams, and several officers from

the VAC, making a total of approximately twelve members. The party

established liaison with Japanese authorities, located areas for troop billets,

and made preparations for the landing of the occupation troops. These

objectives indicate that most of the advance party activities were conducted in

16
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the southern portion of the city where bomb damage was least. The team

joined the remainder of the 2d Division when they landed 23-28 September

1945.

The 2d Marine Division (reinforced) had an assigned strength of 21,469

(includes 791 Army and 1328 Navy personnel) as of 26 September 1945, and was

organized as follows (see Table I for Task Organization details):

0 Support Group

-- Division Troops

-- Service Troops

-- Engineer Group

* Regimental Combat Team 2 (RCT-2)

* Regimental Combat Team 6 (RCT-6)

* Regimental Combat Team 8 (RCT-8)

* Artillery Group (basically the l0th Marine Regiment)

* 2d Tank Battalion

* Marine Observation Squadron 112 (VMO-2)

The number of U.S. occupation troops in Nagasaki steadily decreased from the

peak in September 1945, until the end of the 2d Marine Division occupation

period in July 1946. This decrease is illustrated by the 2d Marine Division

Muster Roll records shown in Table 2. The Second Marine Division Muster Roll

records are on file at the Marine Corps Historical Center, Washington, D.C.

Note that Table 2 includes only U.S. Marine Corps personnel and cannot be

compared directly with the assigned strength figures shown in Tables I and 3

which include Army and Navy personnel. Also, Table 2 indicates that the 10th

Marine Regiment stayed in Nagasaki for the duration of the 2d Division

occupation period while historical records show that the 10th Regiment moved

to Isahaya shortly after debarkation in Nagasaki. Perhaps the inconsistency

results from variations in the interpretation of reporting criteria.

Most units assigned to the 2d Marine Division experienced a large

turnover of personnel during the occupation period. Every effort was made to

allow eligible personnel to return to the United States as soon as possible after

the war. For example, when the 5th Marine Division that occupied the Sasebo

area was released from its assignment on I December 1945, for return to the

18



TABLE 1

TASK ORGANIZATION
2d MARINE DIVISION, REINFORCED

(As of II October 1945 - Operation Order 59)

DIVISION TROOPS (Assigned strength - see note)

- Division Headquarters Battalion (less detachments)
- Company D, 3d MP Battalion (Prov)
- 2d War Dog Platoon
- 54th CIC, A2B2 Detachment (Area)
- 498th CIC, B3 Detachment (Combat)
- 93d Headquarters & Headquarters Detachment, Military Govern-

ment Group

SERVICE TROOPS (Assigned strength - see note)

- 2d Service Battalion (less detachments)
- 2d Medical Battalion* (less detachments)
- 2d Motor Transportation (MT) Battalion (less detachments)
- 4th Separate Laundry Platoon
- 3d Platoon, 4th Salvage & Repair Company
- 3656th QM Truck Company (USA)

ENGINEER GROUP (Assigned strength - see note)

- 2d Engineer Battalion (less detachments)
- 2d Pioneer Battalion (less detachments)
- 43d Naval Construction Battalion
- 1298th Combat Engineer Battalion (USA)
- 2d Platoon, Bomb Disposal Company, H&S Battalion, VAC

ARTILLERY GROUP (Assigned strength - 3083)

- 10th Marine Regiment
- 2d Amphibious Truck Company
- Company A, 20th Amphibious Truck Battalion
- 1 SP Coin Party
- Detachment, Division Recon Company

REGIMENTAL COMBAT TEAM-2 (Assigned strength - 4075)

- 2d Marine Regiment (less detachment)
- Company C, 2d MT Battalion
- Company B, 2d Med. Battalion*
- Company A, 2d Engr. Battalion
- 1st Platoon, Ordnance Company, 2d Service Bn
- 1st Platoon, Service Company, 2d Service Bn
- 1st Platoon, Automotive Repair Company, 2d MT Bn

*Majority were Navy Hospital Corpsmen

NOTE: The combined assigned strength of the Division Troops, Service Troops, and
the Engineer Group was 5695 personnel.
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TABLE I (Continued)

REGIMENTAL COMBAT TEAM-6 (Assigned strength - 4037)

- 6th Marine Regiment
Company A, 2d MT Battalion

- Company A, 2d Med. Battalion*
- Company B, 2d Engr. Battalion
- 3d Platoon, Ordnance Company, 2d Service Bn
- 2d Platoon, Service Company, 2d Service Bn
- 2d Platoon, Supply Company, 2d Service Bn
- 2d Platoon, Automotive Repair Company, 2d MT Bn
- I SP Com Party

REGIMENTAL COMBAT TEAM-8 (Assigned strength - 3914)

- 8th Marine Regiment
- Company B, 2d MT Battalion
- Company E, 2d Med. Battalion*
- Company C, 2d Engr. Battalion
- 2d Platoon, Ordnance Company, 2d Service Bn
- 3d Platoon, Service Company, 2d Service Bn
- 3d Platoon, Automotive Repair Company, 2d MT Bn
- Detachment, 2d Marine
- Division Recon Group (less detachment)

TANK BATTALION (Assigned strength - 61 5)

OBSERVATION SQUADRON (VMO-2)

*Majority were Navy Hospital Corpsmen
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S.S., a I arge nu1n ber of 2d Marine Division troops, eligible for return,

transterred to the 5th Division. These personnel were replaced by troops from

the 5th Division who were not eligible for return to the states. Therefore it is

extremelV unlikely that many 2d Division personnel rerained in the Nagasaki

area for the duration of the Division occupation period.

Division Troops. The Division Troops arrived in Nagasaki 23-28 Sept-

ember 1945, and established a Command Post in the Customs House on Dejima

Wharf approximately 2 miles south of GZ. The exact location of troop billets is

unknown; however, they were likely scattered in the same general area. Most

of these troops were assigned to administrative or staff positions in the Division

Headquarters Battalion. The Division Troops remained in Nagasaki until the

Division Headquarters moved to Sasebo during the first week of January 194(.

Service Troops. The Service Troops also arrived in Nagasaki during

the 23-28 September 1945, time period. The Service Troops Command Post was

established near the Mitsubishi Trading Company on the east side of the harbor

south of the Dejirna Wharf (over 2.5 miles south of GZ). Specific billet

locations are unknown; however, it is logical that these troops would be

quartered in the same general area. The Division Hospital was located about

1000 feet fur-.,, south. lost of the Service Troops Organizations provided

sub-elements to the Regimental Combat Teams, and these personnel were

deployed accordingly. The primary mission of the Service Troops billeted in

Nagasaki was to support the Regimental Combat Teams in the field. The

Service Battalion operated a supply depot, the Motor Transport Battalion

provided a motor pool and vehicle maintenance, and the Medical Battalion was

assigned to the Division Hospital. The Service Battalion transferred to Sasebo

along with the Headquarters Battalion on 5 Jan, 1946, while the Motor

Transport Battalion and the Medical Battalion remained in Nagasaki until

1 June 1946.

Engineer Group. Elements of the Engineer Group also arrived in

Nagasaki during the 23-28 September period. The 2d Engineer Battalion,

organized into a Headquarters and Service (H&S) Company, and three "letter"

companies landed on 26 September. As soon as unloading was complete, each

letter company joined its respective RCT, while the H&S Company remained

with the Division headquarters and formed the nucleus of the Engineer Group
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with a Command Post approximately half a mile southeast of Dejimna Wharf

(approximately 2.5 miles south of GZ). It is assumed that these troops were

billeted near-by. Second Marine Division Muster Roll records indicate that

these troops were the last of the 2d Marine Division to depart Nagasaki. They

left on I July 1946.

The 2d Pioneer Battalion landed on 23 September and engaged in the

division unloading operations until 2 October 1945, when they became a part of

the Engineer Group. Then, their primary responsibility became the rehabilita-

tion and maintenance of roads south of Division Headquarters to the area

occupied by the 2d Tank Battalion. The Battalion was also used to clear open

storage areas for use by the Division Quartermaster and to rehabilitate two

athletic fields in the 'bombed" area of the city. While in Nagasaki, the

Battalion was billeted at the Kaisei Middle School. According to Muster Roll

records, the 2d Pioneer Battalion departed Nagasaki on 28 December 1945.

The 43d Naval Construct~on Battalion (NCB) landed on 23-24 Septem-

ber and established a Command Post in a warehouse south of Dry Dock No. 3 in

the Mitsubishi Dockyard on the west side of Naga-aki Harbor (about 2.5 miles

south of GZ). The 43d NCB also worked with the Shore Party unloading the 2d

Division until 29 September, when they joined the Engineer Group. During the

time the battalion was in Nagasaki, the troops were first billeted in a large

warehouse near Dry dock No. 3, then they moved to a larger building near Dry,

Dock No. 1. Both areas were more than 2.5 miles south of GZ. NCB projects

included the following:

* Rehabilitation of Dejima Wharf

* Improvement of ship landing area south of Dejima Wharf

* Repair Commissary Warehouse

* Repair warehouse for Division Quartermaster

0 Repair and maintain road on west side of Nagasaki Harbor

* Rehabilitation of petroleum tanks in harbor area

* Construction of quarters for Strategic Bomb Survey Group

* Construction of athletic fields for 6th Miarines near Mitsubishi

Electric Company (west side of harbor, 1.7 miles south of GZ)

* Construction of Armed Forces Radio Station at Omura

* Extension of "Atomic Field" landing strip.
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The 43d NCB remained in Nagasaki until the unit was deactivated on 5 Decem-

ber 1945.

The 1298th Engineer Combat Battalion (U.S. Army) arrived in Naga-

saki on 26-27 September, 1945, and immediately joined the Engineer Group.

The troops were housed at the Oura School about 2.6 miles southeast of GZ.

The battalion's primary mission was to repair and maintain main roads and

bridges from northern Nagasaki to southern Nagasaki. They also constructed an

airstrip ("Atomic Field") for liaison aircraft about 800-1000 feet southwest of

GZ. This operation required one platoon of ;'A" Company and took 12 days to

complete (30 September-Il October). On 31 October, the battalion began

operation of a quarry near the airstrip.

Japanese labor was used as much as possible for projects accomplished

by the Engineer Group. For example, some 350 Japanese laborers were used in

the construction of the airstrip by the 1298th Combat Engineers. At least 150

Japanese laborers per day were employed by this group for other projects.

Regimental Combat Team - 2 (RCT- 2). Regimental Combat Team 2

landed in the vicinity of the Dejima Wharf on the eastern side of Nagasaki

Harbor on 23 September 1945. The principal elements of RCT-2 were three

Battalion Landing Teams (BLTs). Company "A" of Battalion Landing Team I

(BLT-l) was designated the regimental Military Police Company and immedi-

ately relieved the Marine security guards for the POW recovery operation.

Late that afternoon the RCT proceeded to their billets at the Kamigo Barracks.

They also established a Command Post at that location (about 4.5 miles south of

GZ). The RCT-2 zone of occupation responsibility included all of the city of

Nagasaki on the east side of Nagasaki Harbor and the Urakami River and the

general area east, northeast, and southeast of the city. (See Figure 6). Note

that this area incudes the Nishiyama Reservoir. Initially, operations were

limited to insuring that all large-caliber defense guns in the areas were

inoperable. On 28 September, the RCT began sending patrols (on foot or by

jeep) throughout their area of responsibility to locate Japanese military

installations and supply areas, and to check on the observance of surrender

terms. RCT-2 operated in this area until the following moves took place:
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" On 30 October, 1945, BLT-2 moved to Kanoya, approximately

115 miles from Nagasaki

* On 6 November, 1945, BLT-3 and the RCT-2 Command Post

moved to Miyakonojo, approximately 100 miles from Nagasaki

* On 12 November, 1945, BLT-1 moved to Miyazaki, approximately

I 10 miles from Nagasaki.

Regimental Combat Team-6 (RCT-6). Regimental Combat Team 6

also landed on 23 September, but on the west side of Nagasaki Harbor, in the

Mitsubishi Shipyard Area (about 2.5 miles south of GZ). A temporary command

post was established at the Tategami Wharf, and the RCT immediately began

inspection of Japanese military coastal installations on the west side of the

harbor. The RCT-6 was billeted in barracks about 1.5 miles west of Nagasaki

at Oura. A permanent Command Post was established in the Mitsubishi

Shipyard. The RCT-6 zone of responsibility included portions of Nagasaki west

of the Harbor and the Urakami River and the general area west, northwest, and

southwest of the city (see Figure 6). Their mission was identical to that of

RCT-2, and they remained in the area until 25 November 1945 when BLT-2

moved to Saga, and BLT- I and the RCT-6 Command Post moved to Sasebo. By

6 December 1945, all RCT-6 personnel had departed the Nagasaki area.

Regimental Combat Team-S (RCT-8). These troops debarked at Nag-

asaki near the Dejima Wharf on 24 September. On the same day the entire

RCT, with the exception of a few work parties unloading supplies, moved to

Isahaya, about 10 miles northeast of Nagasaki. RCT-8 remained at lsahaya

until 8 October when they moved to Kumamoto. Other than passing through on

the day of arrival, RCT-8 had no involvement in the occupation of Nagasaki.

Artillery Group (Primarily the 10th Marine Regiment). The 10th

Marine Regiment landed at Nagasaki on 24 September and proceeded directly to

Isahaya where they established their command post and billets. The 10th

Marine area of responsibility included the area around Isahaya and the Shima-

bara Peninsula. Their area of responsibility was expanded on 2 November 1945

when they were assigned the area in the vicinity of Nagasaki vacated by the

move of RCT-2 to southern Kyushu. On 5 November, the 1st Battalion of the

10th Marines moved to Kamigo Barracks and took over the Military Police
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responsibility for the city of Nagasaki formally assigned to the Ist BLT of

RCT-2. With the departure of RCT-6 (25 November-6 December, 1945), and

the major elements of the 2d Division Headquarters during the first week of

January 1946, the 10th Marines plus a cadre of remaining medical, service and

engineer troops inherited sole responsibility for the occupation of Nagasaki.

Second Marine Division Muster Rolls show the last of the 10th Marines

Regiment departed Nagasaki on 21-26 June 1946.

Second Tank Battalion. The 2d Tank Battalion debarked at the Kow-

aminami Shipyard just north of the village of Fukahori, about 9 miles southeast

of Nagasaki. Unloading operations were completed on 25 September 1945, and

a command post and billets were established in the shipyard. Due to t'-e nature

of the terrain, tanks could not be easily operated in the area; therefore the 2d

Tank Battalion remained headquartered in Fukahori throughout their occupation

period. Fukahori was located in the RCT-2 zone of responsibility, and on I

October the Tank Battalion was formally assigned to the RCT. From

17 October to 7 November 1945, the battalion furnished a guard detachment of

36 enlisted men and 2 officers to RCT-2 for Military Police duty in the city of

Nagasaki. On 8 November 1945 the Tank Battalion was reassigned to the

Artillery Group (10th Marines) as they had replaced RCT-2. Every other day

beginning 8 November, the Battalion furnished 76 men to the 10th Marines for

guard duty in Nagasaki. On 28 November 1945, the battalion was assigned a

section of the city for full-time guard duty. This assignment required 60 men

per day. Muster Rolls indicate that the 2d Tank Battalion departed the

Nagasaki area on 27 December 1945.

Marine Observation Squadron 2 (VMO-2). The squadron debarked at

Nagasaki on 23 September and went directly to Isahaya Airfield, over 10 miles

northeast of Nagasaki. From there, the squadron conducted reconnaissance,

courier, passenger, evacuation, and limited DDT spray flights. Some of these

flights probably brought them to the "Atomic Field" landing strip in Nagasaki

which opened on II October 1945.

Other Units. The above summary outlines the activities of the major

units initially assigned to the 2d Marine Division for the occupation of the

Nagasaki area. Certainly some other units moved into the area; for example,

the 2d Marine Task Organization as of 8 November 1945 (Table 3) shows an
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TABLE 3

TASK ORGANIZATION
2d MARINE DIVISION, REINFORCED

(As of 8 November 1945 - Operation Order 63)

DIVISION TROOPS (Assigned strength - see note)

- Division Headquarters Battalion (less detachments)
- 54th CIC A2B2 Detachment (Area)
- 498th CIC B3 Detachment (Combat)
- 498th CIC Detachment
- 93d Headquarters & Headquarters Detachment, Military Govern-

ment Group
- 94th Material Control Detachment
- Ist Platoon 2d Amphibious Truck Company

SERVICE TROOPS (Assigned strength - see note)

- 2d Service Battalion (less detachments)
- 4th Separate Laundry Platoon
- 2d Medical Battalion* (less detachments)
- 2d Motor Battalion (less detachments)
- 3656th QM Truck Company (USA)
- Corps Evacuation Hospital #13
- Company "B" 264th Medical Battalion
- Company "C" 264th Medical Battalion
- 73d Field Hospital

ENGINEER GROUP (Assigned strength - see note)

- 2d Engineer Battalion (less Companies "A", "B" and "C")
- 43d NCB (less Company "A")
- 1298th Engineer (C) Battalion (USA)
- 2d Pioneer Battalion
- 2d Platoon, Bomb Disposal Company VAC

ARTILLERY GROUP (Assigned strength - 2950)

- 10th Marine Regiment
- Company "A" 43d N-B
- 2d Amphibious Truck Company (less 1st Platoon)
- Company "A" 20th Amphibious Truck Battalion (Prov)
- Detachment, Division Recon Company
- 2d Truck Battalion
- Tracked Vehicle Platoon, Ordnance Company
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TABLE 3 (Continued)

REGIMENTAL COMBAT TEAM-2 (Assigned strength - 3615)

- 2d Marine Regiment
- Company C, 2d MT Battalion
- Company B, 2d Medical Battalion*
- Company C, 2d Medical Battalion
- Company A, 2d Engineer Battalion
- 1st Platoon Ordnance Company, 2d Service Battalion
- 1st Platoon Service Company, 2d Service Battalion

1st Platoon Automotive Repair Company, 2d MT Battalion
- Detachment Recon Unit
- Detachment A, Division Signal Company
- Detachment B, Division Signal Company
- 4 15th Malaria Survey Detachment
- Detachment VAC Military Government Team:

MIYAZAKI

REGIMENTAL COMBAT TEAM-6 (Assigned strength - 3690)

- 6th Marine Regiment
- Company A, 2d MT Battalion
- Company A, 2d Medical Battalion*
- Company B, 2d Engineer Battalion
- 3d Platoon Ordnance Company, 2d Service Battalion
- 2d Platoon Service Company, 2d Service Battalion
- 2d Platoon Automotive Repair Company, 2d MT Battalion

REGIMENTAL COMBAT TEAM-8 (Assigned strength - 3738)

- 8th Marine Regiment
- Company B, 2d MT Battalion
- Company E, 2d Medical Battalion*
- Company C, 2d Engineer Battalion
- 2d Platoon Ordnance Company, 2d Service Battalion
- 3d Platoon Service Company, 2d Service Battalion
- 3d Platoon Automotive Repair Company, 2d MT Battalion
- Division Recon Company (less detachment)
- Detachment C, Division Signal Company
- Detachment D, Division Signal Company

OBSERVATION SQUADRON (VMO-2)

HARBOR GROUP

- 1st Sep Headquarters and Supply Company (Prov)
- 124th Port Company, USA
- 24th Depot Company

*Majority were Navy Hospital Corpsmen
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influx of some Army units (e.g., the 73d Field Hospital and two companies from

the 264th Medical Battalion).

3.3.2 HIROSHIMA
3 ' 4 ' 5

As stated earlier, Hiroshima (Figure 7) was not chosen to be a port of

debarkation or the Headquarters for occupation troops in western Honshu.

Therefore, the occupation of Hiroshima involved considerably fewer troops than

were located at Nagasaki and required few, if any, troop billets within the city

limits.

The occupation of western Honshu was assigned to the I and X Corps

of the Sixth Army. Responsibility for the Kure-Hiroshima area was initially

assigned to the 41st Division of the X Corps, and the occupation began with the

landing of the 1st Battalion of the 162d Infantry Regiment (41st Division) at

Hiro on 6 October, 1945. Hiro is located approximately 15 miles southeast of

Hiroshima. Soon after landing the 162d Infantry secured the Kure Naval Yard.

On 7 October, the remainder of the 162d Infantry landed and moved into the

Kure Submarine Base (Kure is approximately 11 miles southeast of Hiroshima).

On the same day (7 October 1945) the 186th Infantry Regiment debarked and

bivouacked at Kaidaichi, a suburb of Hiroshima, about 5 miles southeast of the

center of the city.

The 186th Infantry immediately began improvements to their camp

and initiated reconnaissance patrols into their area of responsibility, which

included the City of Hiroshima. The 186th Regiment remained in Kaidachi until

the inactivation of the 41st Division in December 1945. Typical operations

within the city of Hiroshima are not well documented; however, the following

events are recorded:

22 October 1945 - Checked Japanese supply dumps

26 October 1945 - Checked Japanese supply dumps

2 November 1945 - Sent reconnaissance party to Mitsubishi Heavy

Industrial Corp. in Hiroshima to deternine if

heavy smelters were operational.

19 November 1945 - Burned black powder on Hiroshima Parade

Grounds.
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27 November 1945 - Sent Patrol to Mitsubishi Heavy Industrial

Corp. to check and inventory equipment. De-

stroyed Japanese equipment at demolition

point in Hiroshima.

29 November 1945 - Burned guncotton on Hiroshima Parade

Grounds.

The fact that these specific events are recorded in Reference 5 seems

to indicate that daily operations in the city were not common.

Upon the deactivation of the 41st Division in December, the 24th

Infantry Division, headquartered in MAatsuyama, assumed control of Hiroshima

Prefecture. The 34th Infantry regiment (24th Division) replaced the 186th and

162d Regiments of the 41st Division in the Hiroshima, Kaidachi, Kure, Hiro

area on 1 December 1945 (approximate), when they established their head-

quarters at Hiro. The 34th Regiment was scattered over a very large area. The

only unit in the immediate vicinity of Hiroshima was "G" company (approxi-

mately 160 men) of the 2d Battalion. G Company was quartered in Ljina, a

small island in the delta area just south of Hiroshima.

The 34th Regiment moved its headquarters from Hiro to Himeji on 2

March 1946. On 6 March 1946, the 2d Battalion of the 34th Regiment including

G Company that was stationed at Ujina was relieved of its responsibilities by

the 67th Australian Infantry Battalion of the 34th Australian Infantry Brigade

of the British Commonwealth Occupation Forces. Thus ended U.S. occupation

in the Hiroshima area.
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Section 4

DOSE ESTIMATES

4.1 EXPOSURE SCENARIO

Section 3 outlined the general activities of the occupation troops,

dates that major units were assigned in the Nagasaki and Hiroshima areas, and

provided some details relative to specific locations of work areas and living

quarters (billets). It is important to note that all known locations fo~r

headquarters, command posts, and billets were outside the radiologically

contaminated areas. Since the contaminated areas within the built-up portions

of each city fell well inside the outer perimeter of the area of near-total

destruction (see Figures 1-4), it seems reasonable to assume that virtually all

such facilities were located outside the contaminated areas and that exposure

to radiation occurred only during periodic trips into these areas (official or

unof ficial). An exception would be the possible exposure resulting from the

consumption of contaminated drinking water. Since details regarding specific

activities and time spent within the contaminated areas are rare, the dose

estimates are reasonable upper limits derived from a "worst case" scenario.

The "worst case"~ scenario assumes that a hypothetical serviceman remains wvithI his unit for the duration of the unit's entire occupation period, and during that
time period, hie spends 8 hours per day within the small area defined by the
highest radiation intensity contour.

4.2 CALCULATIONS

Two distinct and separate contaminated areas are associated with

each city- therefore, each contaminated area is considered separately. Obvi-

ously the results are not additive since the hypothetical serviceman cannot be

present in each location at the same time. Since the fallout in Hiroshima was

insignificant compared to that near Nagasaki and the Hiroshima Occupation

troops arrived later and stayed for a shorter time, ingestion and inhalation

doses from the fallout field are calculated for Nagasaki only. The comparable

doses at Hiroshima would be Much smaller.
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The methodology used for the calculations is straightforward. The

dose received from exposure to the radiation sources outside the body (external

emitters) is simply the time integral of the dose rate (which varies with

radiological decay) over the exposure period. Calculation of the dose received

from radionuclides inhaled or ingested is somewhat more complex.

4.2.1 Inhalation Dose

Since there were no air samples taken during troop activities in the

contaminated areas, the inhalation dose is calculated indirectly froti estimates

of the amount of contamination in the soil at the time of occupation troop

arrival. For the fallout fields, the surface activity (ojCi/m 2 ) is calculated from

the garnma intensity (mR/!-ir) measured I meter above the ground using a ratio

(0 Ci/m 2 per rnR/hr) determined in Reference 25 for similar conditions after a

nuclear weapon test shot at the Nevada Test Site. The plutonium content of

the soil around the Nishiyama Reservoir outside Nagasaki is estimated from soil

sample data. 2 0 For the induced activity fields, the surface activity determined

experimentally by Hashizume 1 5 and Arakawa1 4 is used. Once the surface

activity is known, and corrected for radiological decay, the airborne concentra-

tion is calculated by the application of a resuspension factor, which is the ratio

of the amount of material in the air to that which is on the ground immediately

below (pCi/m 3 per pCi/m 2). Numerous experiments have been conducted to

study the resuspension of radioactive materials deposited on the ground under
16

different conditions. Stewart has tabulated resuspension factors that range

from I x 10- 3 to I x 10-ll m-I depending on the conditions and the type of

material studied. For this study, a high resuspension factor of l x 10- 4 is

selected for application in the induced activity fields around GZ since there is

evidence of some mechanical dust-producing activities in these areas (e.g.,

cearing debris, construction of an airstrip). A value of 1 x 10 - 5 m - I is chosen

for the fallout fields. The amount of radioactive material inhaled is calculated

by multiplying the airborne concentration (WCi/m 3 ) by the breathing rate

(rn 3 /hr) of a "standard man" and integrating over the duration of exposure (hr).

From the amount of radioactive material inhaled, the 50 year dose-equivalent

commitment (rem) to the body organ of interest is calculated by the application
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of an appropriate "dose conversion factor" (rern/pCi inhaled). The dose

conversion factors, taken from references 22 and 23, are based on the latest

lung model and metabolic data developed by the International Commission on

Radiological Protection.

4.2.2 Ingestion Dose (Drinking Water)

The fallout field at Nagasaki centered around the Nishiyarna Reser-

voir, one of four reservoirs that served the city. However, for this "worst case"

calculation, it is asswued~ that only the Nishiyamna Reservoir is used. The

50-year dose-equivalent commitment resulting from ingestion of water from

the reservoir is calculated as follows: First, the concentration of radionuclide in

the reservoir is calculated by multiplying the surface activity (pCi/in2 ) as

determined for the inhalation dose, by the surface area of the reservoir (m2)

and dividing by its capacity (m 3). Because the runoff from the surrounding
contaminated land area would have increased the concentration, this effect is

considered by the application of an adjustment factor based on the size of the

catchment area and a runoff coefficient. Assuming complete mixing (homo-

geneous mixture), the quantity of radioactive material ingested is calculated by

integrating the product of the concentration (piCi/in3 ) and the average water

intake of a "standard man" (m 3/day) over the duration of exposure (days). The
50-year dose to the organ of interest is then determined by the application of

the appropriate "dose conversion factor" (rem/pCi ingested), as done for the

inhalation dose calculations. The dose conversion factors for the ingestion

calculation are also taken from references 22 and 23. See Appendix E.

4.3 UPPER LIMIT RESULTS

The NMRI survey was chosen as the basis for the calculations since the

measurements were made at I meter above the ground and should be more

representative of whole body exposure. The maximum recorded radiation

intensities are used in the calculations.

The following exposure durations, taken from information in Section 3,

are used in the calculations:
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Nagasaki:

2d Marine Division - 16 Sept 1945 (D+ 38; H+912) to

2 July 1946 (D+327; H+7848)

N ishi yamna:

2d Marine Division (RCT-2) - 24 Sept 1945 (D+46; H+1104) to

12 Nov 45 (D+95; H+2280)

2d Marine Division (Artillery Group) - 2 Nov 1945 (D+85; H+2040) to

26 June 46 (D+321; H+s7704)

Hiroshima (all portions):

41st Division (186th Regiment) 7 Oct 1945 (D+62; H+1488) to

1 Dec 45 (D+ 117; H+2808)

24th Division (34th Regiment) 1 Dec 1945 (D±1 17; H+2808) to

2 Mar 46 (D+208; H+4992)

The upper limit dose estimates are given in Table 4. See Appendices

A-E for details regarding each calculation.

6L 

35



CD C)C- C) )C) C

_ oo -t

-o
_____ _____ __ >

CDC

0 V,

'-II0 C)L

U 336



Section 5
)ISCI 'SSION AND CONCLUSIONS I

Whenever possible, a conservative approach leading to a "high-side"

result was used in the calculations discussed in Section 4. For example, when
16compared to the wide range of resuspension factors reported by Stewart , the

values chosen for the inhalation dose calculations (K a IxIS 4 for the induced

activity; K : lx10-5 for the fallout) are frori the high end of the spectrum.

The larger value was chosen for the induced activity fields around ground zcro

since there is evidence of some dust producing activities in these areas. For

example, Reference 8 states that an air strip was constructed at Nagasaki

approximately 900 feet from GZ. That operation (delayed by rain which would

keep the dust down) took 12 days. A lower value was selected for the fallout

field around the Nishiyama Reservoir near Nagasaki since the area is a

watershed (normally moist) and no dust producing activity by the occupation

troops was reported. In both cases, the resuspension factor used is considered

to be conservative since they compare with high values observed in desert

terrain 16 . Certainly southern Japan cannot be compared with desert terrain.

For example, about 1.2 meters of rain fell in Nagasaki, during September and

October, 1945.26 Furthermore, the same resuspension factor was assumed to

apply for the entire duration of occupation troop exposure. Several authors

have reported rapid decay of resuspension factors with time after the contami-

nating event due to "weathering" processes17,1g

The inhalation dose factors used in the internal dose calculations

assume a resuspended particle size distribution having an activity median

aerodynamic diameter of 1 micron. It is doubtful that contaminated dust resus-

pended by construction operations would be that small. Therefore, the dose

factor used in these calculations should produce a conservative result.

\lost of the assumptions made in the dose estimate for the ingestion of

drinking water should also result in a conservative result. No attempt was

made to separate the fission products into water soluble/insoluble fractions and

eliminate the insoluble portion through sedimentation or filtration processes

that likely took place. Also, the calculations do not take into account that
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there were at least 3 other reservoirs in the area and that local water was not

declared safe for consumption (probably for bacteriological reasons) until 3

weeks after the troops arrived. 8  Drinking water wa5 imported during the

interim period.

Calculations relative to the neutron-induced activity fields are based

on Arakawa's I14 and Hashizume's I 5 determinations of the significant radio-

nuclides present and their quantity. In each case, their findings were based on

an estimate of the neutron fluence at ground level from the weapon (order of

1012 neutrons/cm 2 ), and laboratory neutron activation of actual soil and

building materials taken from Nagasaki and Hiroshima. Quantitatively, their

findings depend on indirect estimates of the neutron fluence based on the

specific activity ,f Co-60 measured in various iron materials that were expos-d

to the neutrons from each weapon. Qualitatively, their findings were deter-

mined directly by gamma-ray spectroscopy of the laboratory neutron-activated

samples. In Appendix A, only Sc-46 and Co-60 were considered to be

significant for the external dose calculation. Other radionuclides (Na-24,

Mn-56, and Cs- 134) were identified by Arakawa and Hashizume; however, they

were not considered in the calculation due to short half life (Na-24 and Mn-56)

or small relative quantity (Cs- 134). In Appendix C, the same two radionuclides

(Sc-46 and Co-60) were considered in the inhalation dose calculation. A

radiochemical separation of the neutron-activated samples showed small

amounts of Fe-59, Zn-65, and K-40 that were masked by and counted as Na-24,

Co-60 or Sc-46 during the gamma-ray spectroscopy analysis mentioned above.

Since the inhalation dose factors for Fe-59 and Zn-65 are similar to those of

Co-60 and Sc-46, their presence would not affect the overall result. The low

decay rate and small amount of K-40 make it insignificant. The small relative

abundance of Cs-134 (and similar dose factor) makes this isotope insignificant

also. Pure beta emitters such as Ca-45 and P-32 that would not have been

detected by gamma spectroscopy were also considered as potential contributors

to the internal dose. None were present in sufficient quantity to affect the

internal dose to the level of significdnce reported.

Finally, it must be emphasized that the dose estimates presented in

Section 4 apply to an individual who stayed in an area of maximum contamina-

tion for eight hours per day for a long time period (2-10 months). In each case,
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these areas of maximum radiation intensity were quite small (approximately

0.1 kin2) arid the contamination fell off rapidly with distance outward. Con-

sidering the results of the earliest survey (Manhattan District Survey, Figures 1
12and 2) and the size of the built-up areas of each city , the extent of the

contamination is shown below:

Contaminated Area

City Built-uip Area Measurable >0.1 mR/hr

Hiroshima 17.9 km 2  ~ r 89 km 2 (5% rO.16 km 2 (0. 9%)

Nagasaki 10.4 km 2 r1.5 km 2(14%) <0.1 km 2(1%6)

Note that the fallout field at Nagasaki was outside the major built-up portion

of the city.

As the above table indicates, the section of either city with a radiation

level greater than 0.1 mR/hr (at the time of the surveys near the beginning of

the occupation period) consisted of no more than I percent of the entire

built-up area. Measurable contamination was recorded over only 50 percent of

the Hiroshima built-up area and 14 percent of Nagasaki's. Thus, the upper limit

estimates for the doses from induced activity given in Section 4.3 are high by at

least a factor of two assuming random movement throughout the city.

With respect to the Nishiyama area, there is no record or rationale for

stationing occupation units in the area of peak activity (which includes the

reservoir itself) over the entire period assumed in the upper lim-it dose

calculation. This area was mountainous, sparsely populated, and had few roads;

therefore, it would have been of little interest other than for sightseeing.

Patrols were probably conducted but with not nearly the exposure duration that

has been assumed and almost certainly not with the same individuals on each

patrol. In addition, as stated in Section 3.3.1, the responsibility of RCT-2, and

later the Artillery Group, encompassed an area much larger (by at least an

order of magnitude) than the area of contamination at Nishiyama. All of these

aspects suggest that the upper limit estimates for RCT-2 and the Artillery

Group given in Section 4.3 are probably too high by at least a factor of 10.
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APPENDIX A

CALCULATION OF DOSE FROM EXTERNAL EMITTERS

(INDUCED ACTIVITY)

HIROSHIMA AND NAGASAKI

Hiroshima:

Considering the weapon height of burst and the radiation

patterns determined by measurements taken on 1-2 November 1945 (see Fig. 4),

it can be safely assumed that the gamma radiation detected around GZ resulted

from neutron-induced activity in the soil and building materials. In an effort to

estimate the external dose to Hiroshima and Nagasaki residents from this

induced activity, Hashizume, et al., made calculations based on data determined

experimentally 5 . Samples of soil, roof-tile, brick, asphalt, concrete, and wood

were collected from Hiroshima and Nagasaki, and analyzed by neutron activa-

tion. Using this analysis, Hashizume concluded that only Na-24, Mn-56, Sc-46,

Co-60, and Cs- 134 need be considered in his dose estimate.

Due to the short half-lives of Na-24 (15 hours) and Mn-56 (2.57 hours),

these two isotopes become insignificant at the time of occupation troop arrival

at Hiroshima (H+1488) and Nagasaki (H+912). Therefore, only the longer lived

isotopes of Sc-46 (84 days), Co-60 (5.2 years) and Cs-134 (2 years) need be

considered in this dose estimate for the occupation units.

Using the Hiroshima soil composition data obtained from the neutron

activation analysis mentioned above and estimates of the thermal neutron

fluence on the ground surface at Hiroshima resulting from the bomb, Hashizume

determined the specific activities (piCi/g) of the soil and various building

materials (immediately after detonation) shown below:

Sc-46 Co-60 Cs- 134

Soil 5 x 10- 5  0.5 x 10- 5  2 x 10- 7

Roof-tile 17x 10-5  1.3 x 10-5  5 x 10- 7

Brick 11 x 10=  1.1 x 10-  2 x 10-

Concrete 9 x 10- 5  0.8 x 10-5  4 x 10-7

Average 10.5 x 10-5  0.92 x 70 3.25 x 0 -

0.92~~ x 10- 3.51x10
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From the data presented above, it is evident that Sc-46 and Co-60 were the

major contributors to the gamma radiation measurements made in the ground

zero area at Hiroshima on 1-2 November 1945. Since Sc-46, and Co-60 both

emit 2 gamma rays per disintegration with approximately the same average

energy (Co-60 slightly higher), it can be assumed that the gamma intensity

measured in air from each isotope follows the same ratio as their relative specif-

ic activities in the soil and building materials. Using the average specific activi-

ties, the ratio of Sc-46 to Co-60 at time t=0 would be:

1.,x 10 - 5

10. 5 = 11.41 or 92% Sc-46; 8% Co-600.92 x 10O- 5 -

For each significant radionuclide, the intensity at any time can be calcula-

ted from the following expression:

R =t
R t 0 R e

where R Intensity at time t (mR/hr)
t

R 0 Intensity at time t = 0 (mR/hr)

X = decay constant = 0. 69 3/TV2 in hours

t = time (hours).

From Figure 4, the highest intensity contour in the neutron-activation field

around GZ was 0.069 mR/hr on I November 1946, (D+87; H+2088). The

contribution to this intensity from Sc-46 and Co-60 would be:

Rt rA R oe-lt B R e -x 2 t = 0.069 mR/hr

where X1  decay constant for Sc-46 - 0.93/2016 hr 7 0.0003438 hr - I

decay constant for Co-60 0.693/45552 hr 0.0000152 hr-

A fraction* of Sc-46

R fraction* of Co-60
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Therefore:

RR0 A e- kX It B C-X2 t

S(0.92)(0.0003438)(2088) 0.069 (0.0000152)(2088)
(09)-+ (0.0 8)e (.00

R 0 0.13 mR/hr0

Assuming that exposure to I roentgen results in a dose of I rem, the dose (D)

received from each significant radionuclide from time (t.) to time (tf) can be

calculated from the following expression:

(tf td R-
D fj Roe-dt X- i - e tf)

t.

Therefore, at Hiroshima, the dose received by a hypothetical serviceman from

the 41st Division from Sc-46 over the period 7 October 1945 (H+1488) to

I December 1945 (H+2808) is calculated as follows:

AR
D =- X (e- Ii- e-; If)

(0.92)(0.13) (e-(0.0003438)(1488) e-(0.0003438)(2808))
- 0.0003438

76 mrem = 0.076 rem

The dose from Co-60 would be:

BR
D =- (e- 2 ti - eX2tf)

A 2

(0.08)(0.13) -(0.0000152)(1488) e-(0.0000152)(2808))
-0.0000152 -

- 13 mrem = 0.013 rem
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Assuming an 8 hour per day exposure, the total dose would be:

D 76+ 13 - 30 mrem or 0.03 rein
3

The dose received by a hypothetical serviceman from the 24th Division from

I December 1945 (H+2808) to 2 March 1946 (H+4992) would be:

From Sc-46:
AR

D R___ X(e- XIti - eXltf)

(0.92)(0.13) (e-(0.0003438)(2808) _e-(0.0003438)(4992))
- 0.0003438

70 mrem

From Co-60:

BR--D°(- ti- e-X2 tf)

(0.08)(0.13) (- (0.0000152)(2808) e-(0.0000152)(4992)
-0.0000152 - 00015)49)

21 mrem

Assuming an 8 hour per day exposure, the total dose would be:

D 70+21 = 30 mrem or 0.03 rem3

Nagasaki:

Using a similar approach, Arakawa 14 estimated the specific activity of Sc-46

and Co-60 (at time of burst) in the Nagasaki soil to be:

Sc-46 - 16.7 x 10- 5 IjCi/g (average)

Co-60 - 1.1 x 10 - 5 1Ci/g
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Using the same methodology used in the Hiroshima calculation and the

measurements made at GZ in Nagasaki (0.069 mR/hr on 21 October or H+I 512,

the midtime of the NMRI Survey):

R
R t

Ro0 Ae-X t + Be)

0.069
S(0.938)e-(0.0003438)(1512) + (0.062)e-(0.00001 52)(1512)

0.11 mR/hr

Therefore, at Nagasaki, the dose received from Sc-46 over the period 16

September 1945 (H+912) to 2 July, 1946 (H+7848) is calculated as follows:

AR tD R°(e- Iti - e I f)
xl

(0.938)(0.11) (e -(0.0003438)(912) - (0.0003438)(7848))
_ 0.0003438 e

199 mrem

The dose from Co-60 over the same period:

BR 0  Xt X
R-(e 2 i - e-X2tf)
X2

(0.062)(0. 11) (e-(.0000152)(912) e- (0.0000152)(7848)
0.00001 52

= 44 mrem

The total dose considering an 8 hour/day exposure:

199+44
D= 81 mnrem or 0.081 rem
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APPENDIX B

CALCULATION OF DOSE FROM EXTERNAL EMITTER,
(i"slol(\ I)IOD() I ) )

HIROSHIMA AND NAGASAKI/NISHIYAMA

According to Glasstone , the gamma intensity from early fallout de,,\s

with time after the detonation (up to 4000 hours) according to t-1.2, \hhero, t

equals the time after detonation in hours. Between 4000 hours and 770r) o ,,r

(extent of time of interest for this study), the decay is approxirmatelv C

Therefore, the intensity (R in mR/hr at any time (t) in hours can be (al (Illf-d.

from the following expression:

-1 .2 , t < 4000

- 1.2 t -2.2

S(4000) -4000 t > 400(

where R Reference time (H+) intensity (mR:'1ir)

Since exposure to I roentgen of gamma radiation results in a dose of I rein, t, -

dose (D) in rems resulting from an exposure from time (t ) to a later tine (t

can be calculated by integrating the above expression as follows:

-tf

D Rlt-' 2 dt 5Rl(ti0 2 
- t0 .2), for tf <400

D 40t 00 1.2tf 1"2( t '-22d

S ti  R Il2 dt + R 1 (4000)- (--04000 10

R 5(t .2 4000.2) + 4000 (4000-1.2 - 1.2)for tfRI 1 .1.2 00 f o t *0

In order to reflect an 8 hour per day exposure during the period, the above,

equation is divided by 24/8 or 3.
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Hiroshima Calculation:

From Figure 4, the maximum intensity in the downwind fallout

field (west of Koi River) was 0.042 mR/hr on I November 1945 (D+87; H+2088).

Theret ore:

R Rt 0.042
It-1.2 -2088 1.2 405 iR/hr

The dose received by a hypothetical serviceman from the 41st Division (186th

Regiment) from 7 October 1945 (D+62; H+ 1488) to 1 December 1945 (D+l 17;

H+2808) would be:

0.02
D - 5(405)(1488-0 2 - 2808-0.2

3

z 19 mrem or 0.019 rem

The dose received by a hypothetical serviceman from the 24th Division (34th

Regiment) from 1 December 1945 (D+117; H+2808) to 2 March 1946 (D+208;

H+4992) would be:

4 5(2808-.2 - 4000-.2) + 4000 (4000-1.2 4992-1.2)

14 mrern or 0.014 rem

Nagasaki/Nishiyama Calculation:

From Figure 3, the highest intensity in the downwind fallout field around

the Nishiyama Reservoir was 1.080 mR/hr on 21 October 1945 (mid-time of

survey; D+73; H+ 1752).

R t 1.080
R __ 100 8427 mR/hr

I t-1.2 1752 1.2

The dose received by a hypothetical serviceman from the 2d Marine Division

(RCT-2) from 24 September 1945 (D+46; H+1104) to 12 November 1945 (D+95;

H+2280) would be:
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5(8427)(1104-0-22280.
3

-470 mrern or 0.47 rem

The dose received by a hypothetical serviceman from the 2d Marine Division

(Artillery Group) from 2 November 1945 (D+85; H+2040) to 26 June, 1946 (D+321;

H+7704) would be:

D = 8427 l[5(2041- .2 _ 400-.2) + 400 (4000 1*2~ 7704- 1.2)j

-630 rrirem or 0.63 rem
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APPENDIX C

CALCI'LATION OF DOSE FROM INTERNAL EMITTERS

(INHALED INDUCED ACTIVITY)

HIROSHIMA AND NAGASAKI

In Appendix A it was determined that Sc-46 and Co-60 were the only

isotopes of significance remaining in the GZ area at the time of occupation

troop entry into Hiroshima and Nagasaki. Average specific activities (uCi/g)

for soil and building materials determined by Arakawa 14 and Hashizurne,

et al., 15 at time zero (immediately after detonation) are shown below:

Sc-46 Co-60

Hiroshima 10.5 x 10 - 5  0.92 x 10 - 5

Nagasaki* 16.7 x 10- 5 1.1 x 10 - 5

Assuming a composite (soil and building materials) density of 2.0 grams

per cubic centimeter, the concentration (1iCi/cm 3 ) of these materials are

shown below

Sc-46 Co-60

Hiroshima 21.0 x 10- 5  1.84 x 10 - 5

Nagasaki 33.4 x 1C- 5  2.2 x 10- 5

Assuming that the top centimeter of soil and/or crushed building material

is available for resuspension, a conservative value (10- 4 m - 1) for a resuspension

factor and a breathing rate of 1.3 m 3/hr, the quantity (viCi) of each radio-

nuclide inhaled during the entire occupation period is calculated as follows:

" ,ol only
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SA 0 x K x BR tfet
3s f- fe tdt

t,

SA0 x K x BR t AtQ o(e- ki e-, 0:

where Q = Quantity inhaled (!iCi)

SA °  = Surface activity at time zero (pCi/rn
0
K Resuspension factor (m- )

BR - Breathing Rate (m /hr)

t. - Time of entry (hr)

tf - Time of departure (hr)

X Decay constant

3 Exposure Factor (8 hour/day exposure)

R es ul ts:

For Hiroshima: 41st Division 24th Division

(t i=1488; tf=2808) (tizz2808; tf=4992)

Q Q
Sc-46 0.058 P Ci Sc-46 0.053 i Ci

Co-60 0.010 i Ci Co-60 0.017 p Ci

For Nagasaki: (t i912; tfz7848)

Sc-46 0.28 vCi

Co-60 0.062 Ci

Using 50-year dose commitment factors from references 21 and 22, the dose

to the bone and to the whole body is calculated as follows:

D = Q x DF (for organ of interest)

where D s 50-year dose commitment (rein)

Q Quantity inhaled ('jCi)

DF z Dose Factor (rernhj Ci inhaled)
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For Hiroshima (41st Division)

From Sc-46:

Whole body dose = 0.058 x 3.11 x 0-2 1.8 x 10 - r
-2 -3

Bone dose 0.058 x 5.51 x 10 2 - 3.2 x 10 rern

From Co-60:

Whole body dose 0.010 x 8.20 x I0- 2 = 0.8 x l0-3 rein

Bone dose 0.010 x 5.06 x 10-2  0.5 x 10- 3 rem

Totals:

Whole body dose 2.6 x 10-3 rem
-3

Bone dose 3.7 x 10 rem

For Hiroshima (24th Division)

From Sc-46:
-3

Whole body dose 1.7 x 10 rem

Bone dose 2.9 x 10-3 rem

From Co-60:

Whole body dose = 1.4 x 10-3 rem
-3

Bone dose 0.9 x 10 rem

Totals:

Whole body dose 3.1 x 10-3 rem
-3

Bone dose z 3.8 x 10 rem

For Nagasaki

From Sc-46:

Whole body dose 0.9 x 10-2 rein

Bone dose 1.5 x 10-2 rem

From Co-60:

Whole body dose 5.1 x 10-3 rein
-3

Bone dose r 3.1 x 10 rem

Totals:

Whole body dose - 1.4 x 10-2 rem

Bone dose 1.8 x 10-2 rem
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APPENDIX D

CALCULATION OF DOSE FROM INTERNAL EMITTERS

(INHALED FISSION PRODUCTS AND UNFISSIONED PLUTONIII\)

NAGASAKI (NISHIYAMA)

FISSION PRODUCTS:

In Figure 3, the maximum radiation intensity recorded in the fallout

field around the Nishiyama Reservoir was 1.080 mR/hr on 21 October, 1945,

(midtime of the NMRI survey). Assuming the intensity decays according to

t- 1, this level would be approximately 1.9 mR/hr on 24 September, 1945, the

earliest date that RCT-2 could send patrols into the area.

The gamma radiation intensity (mR/hr) measured at one meter above the

ground was related to the surface activity ( jCi/m 2 ) for the fallout from three

nuclear weapons test shots at the Nevada Test Site. 25 For Shot Diablo, the

ratio of the surface activity (pCi/m 2 ) to the gamma intensity (mR/hr) was 179

to 1, forty-nine days after the detonation. Since the Diablo device and the

Nagasaki weapon both used plutonium as the fissionable material and the time

interval after the detonation is nearly the same (49 days vs. 46 days), this ratio

can be used to estimate the surface activity at Nishiyama on 24 September

1945, as follows:

1.9 mR/hr x 179 (wCi/m2 )/mR/hr) = 340 wCi/m 2

Using activity fractions of the fission product inventory at 1100 hour-

obtained from ORIGEN 24 , the surface activity of each significant isotope at

the earliest time of troop entry (24 Septemnber 194 5, H+l 10 hours) is

calculated below:

SA i  z SA t x fi

where SAI = Surface activity of isotope i (wCi/mn2

SA t  Total surface activity (340 1Ci/in2

fi = Activity fraction of isotope i
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ISOTOPE f- SA.i (Ij CU/M

Sr-89 0.0358 12.22
Sr-90 0.0004 0.13
Y-90 0.0004 0.13
Y-91 0.0466 15.89
Zr-95 0.0840 28.66
Nb-95 0.0621 21.19
Ru- 103 0.1433 48.89
Ru- 106 0.0212 7.23
Rh- 103m 0.1433 48.89
Rh- 106 0.0212 7.23
Te- 127m 0.0012 0.41
Te- 127 0.0012 0.41
Te- 129m 0.0078 2.66
Te- 129 0.0049 1.67
1-131 0.0185 6.31
Cs- 136 0.0019 0.64
Cs- 137 0.0011 0.37
Ba- 137m 0.0010 0.35
Ba- 140 0.0653 22.29
La- 140 0.0749 25.55
Ce- 141 0.1219 41.59
Ce- 144 0.0216 7.37
Pr- 143 0.0648 22.11
Pr- 144 0.0216 7.37
Nd- 147 0.0197 6.72

The amount of each significant radionuclide inhaled during the occupation

period is calculated using the following expression:

SA 0 x K xBR fX
Q3 fe dt

t.

SA 0 x K x BR -At. -Xt1f
Q 3X (e -e

when: Q = Amount inhaled (jiCi)

SA 0 = Surface activity at time zero (p' Cl/rn

K =Resuspension Factor (m

BR = Breathing Rate (m 3/hr)

t. =Time of entry (hr)

t Time of departure (hr)
f-

A Radiological Decay Constant (hr-
3 =Exposure Factor (8 hours/day exposure)
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Using this equation, the amount of each isotope inhaled during the occupation

period is shown below:

Q(W Ci inhaled)

ISOTOPE RCT-2 Artillery Group

Sr-89 4.59E-02 5.52E-02
Sr-90 6.67E-04 3.19E-0 3
Y-90 6.67E-04 3.19E-03
Y-91 6.16E-02 8.30E-02
Zr-95 1.14E-OI 1.72E-01
Nb-95 8.43E-02 1.26E-0I
Ru- 103 1.67E-01 1. 44E-01
Ru- 106 3.52E-02 1.40E-0I
Rh- 103m 1.67E-01 1.44E-0I
Rh- 106 3.52E-02 1.40E-0I
Sn- 123 5.86E-04 1.44E-03
Sn- 125 1.80E-04 1.05E-05
Te- 127m 1.78E-03 4.02E-0 3
Te- 127 1.79E-03 4.02E-03
Te- 129m 8.58E-03 6.11E-03
Te- 129 5.39E-03 3.83E-03
1-131 7.50E-03 2.65E-04
Cs- 136 1.19E-02 1.84E-04
Cs- 137 1.88E-03 8.98E-03
Ba- 137m 1.77E-03 8.41E-0 3
Ba- 140 3.97E-02 5.15E-03
La- 140 4.56E-02 5.91 E-03
Ce- 141 1.31E-01 I.77E-02
Ce- 144 3.54E-02 1.25E-01
Pr- 143 4.14E-02 6.16E-03
Pr- 144 3.54E-02 1.25E-01
Nd- 147 1.06E-02 9.57E-04

The 50-year dose-equivalent commitment to the bone, red bone marrow

(RBM) and the whole body resulting from the inhalation of these isotopes is

calculated as follows:

D =Q x DF (for organ of interest)

where: D = Dose (rem)

Q a Quantity inhaled (pCi)

DF* z Dose Conversion factor (ren/pCi inhaled)

*Dose factors from References 22 and 23.
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FOR RCT-2:

DF D DF D DF D
ISOTOPE Q (bone) (bone) (RBM) (RBM) (Whole Body) (Whole Body)

Sr-89 4.59E-02 3.38E-02 1.55E-03 1.33E-02 0.61E-03 4.76E-03 0.21E-03

Sr-90 6.67E-04 3.00 2.OOE-03 1.10 0.74E-03 0.24 0.16E-03

Y-90 6.67E-04 1.95E-03 * 8.39E-04 * 9.62E-04 *

Y-91 6.16E-02 2.25E-02 1.38E-03 8.51E-03 0.52E-03 5.67E-03 0.35E-03

Zr-95 1.14E-01 9.15E-03 1.05E-03 5.46E-03 0.62E-03 5.55E-03 0.63E-03

Nb-95 8.43E-02 1.22E-03 0.11E-03 1.61E-03 0.13E-03 1.94 E-03 0.17E-03

Ru- 103 1.67E-01 9.12E-04 1.55E-03 1.25E-03 0.21E-03 1.98E-03 0.37E-03

Ru- 106 3.52E-02 8.76E-03 0.31E-03 9.37E-03 0.33E-03 6.18E-02 0.21E-03

Rh- 103m 1.67E-01 2.05E-08 * 2.28E-08 * 9.89E-07

Rh- 106 3.52E-02 1.14E-08 * 1.43E-08 * 3.44E-07

Te- 127m 1.78E-03 2.25E-03 * 2.52E-03 * 3.20E-03 *

Te- 127 1.79E-03 8.87E-06 * 4.09E-0 5 * 5.13E-05
Te- 129m 8.58E-03 3.51E-04 * 8.27E-04 * 5.54E-04 *

Te- 129 5.39E-03 2.25E-06 6.31E-06 * 1.80E-05 *

1-131 7.50E-03 2.38E-04 * 2.,02E-04 * 6.13E-04 *

Cs- 136 1.19E-02 6.70E-03 0.OE-03 7.91E-03 0.10E-03 6.OOE-03 0.07E-03

Cs- 137 1.88E-03 4.54E-02 0.08E-03 4.91 E-02 0.IOE-03 3.26E-02 0.06E-03

Ba- 137m 1.77E-03 1.70E-07 * 2.22E-07 * 3.21 E-07

Ba- 140 3.97E-02 5.72E-03 0.23E-03 3.61E-03 0.14E-03 2.08E-03 0.08E-03

La- 140 4.56E-02 8,OOE-04 0.04E-03 8.52E-04 0.041E-03 1.05E-03 0.05E-03

Ce-141 1.31E-01 1.55E-02 2.03E-03 4.07E-03 0.54E-03 3.27E-03 0.05E-03

Ce- 144 3.54E-02 0.91 32.21E-03 0.35 12.46E-03 0.17 6.03E-03

Pr- 143 4.14E-02 1.10E-02 0.45E-03 3.36E-03 0.1 4E-03 2.14E-03 0.08E-03

Pr-144 3.54E-02 1.03E-0 5 4.27E-06 * 9.75E-06

Nd- 147 1.06E-02 9.80E-03 0.1 E-03 2.75E-03 0.02E-03 2.14E-03 0.02E-03

Totals -43E-0 3 l 17E-03 r9E-0 3
or or or

0.04 3 rein 0.017 rein 0.009 rern

*Less than IE-05

NOTE: Read 4.59E-02 as 4.59 x 10- 2
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FOR THE ARTILLERY GROUP:

DF D DF D DE D)

ISOTOPE Q (bone) (bone) (RBM) (RBiM) (Whole Body) (Whole Body)

Sr-89 5.52E-02 3.38E-02 1.86E-03 1.33E-02 0.73E-03 4.76E-03 0.26E-03

Sr-90 3.19E-03 3.00 9.56E-03 1.10 3.51 E-03 0.24 0.76E-03

Y-90 3.1 9E -03 1.95E-03 *8.39E-04 *9.62E-04 *

Y-91 8.30E-02 2.25E-02 1.87E-03 8.51 E -0 3 0.70E-03 5.67E-03 0.47E-03

Zr-95 1.72E-01I 9.15E-03 1.57E-03 5.46E-03 0.94E-03 5.55E-03 0.95E-03

Nb-95 1.26E-0 I 1.22E-03 0. 16E-03 1.61 E-0 3 0.20 E-03 1.94E-03 0.25E-0 3

R u- 10 3 1.44E-01I 9.12E-04 0. 13E-03 1.25E-03 0. 18E-03 1.98E-03 0.29E-0 3

Ru- 106 1.40E-01I 8.76E-03 1.26E-03 9.37E-03 1.35E-03 6.1811-02 0.89E-03

R h- 10 3m 1.44E-0 I 2.05E-08 *2.28E-08 9.89E-07

Rh- 106 1.40E-01I 1.14E-08 *1.43E-08 *3.44E-07 *

Te- 127m 4.02E1-03 2.25E1-03 *2.52E1-03 *3.20 E-0 3 *

Te- 127 4.02E1-03 8.87E1-06 *4.09E-0 5 *5.13E-0 5 *

Te- 129m 6.11 E-0 3 3.5111-04 *8.27E1-04 *5.54E1-04 *

Te- 129 3.83E-03 2.25E1-06 *6.31 E-06 *1.80E-05 *

1- 131 2.65E1-04 2.38E-04 *2.02E-04 *6.1 3E-04 *

Cs- 136 1.8411-04 6.70E-03 *7.91 E-0 3 6.0011-03 *

Cs- 137 8.98E-03 4.54E-02 0. 41 E-0 3 4.911E1-0 2 0.44E-03 3.26E1-02 0.3011-03

Ra- 137m 8.41E1-03 1.70E1-07 2.22E1-07 *3.211E-07 *

Ba- 140 5.15E1-03 5.7211-03 0.04E-03 3.61 E-03 0.0211-03 2.0811-03 0.01 E-03

La- 140 5.91 E -0 3 8.O0E-04 *8.52E-04 *1.05E-03

Ce- 141 8.77E-02 1.5511-02 1.36E1-03 2.03E-03 0.3611-03 3.27E-03 0.29E-03

Ce- 144 1.25E1-0 1 0.91 1 14.OOE-03 0.35 43.8411-03 0.17 21.30E1-03

Pr143 6.1611-03 1.10E1-02 0.0711-03 3.3611-03 0.02E1-03 2.14 E-0 3 0.01 E-03

Pr- 144 1.25E-0 I 1.03E1-05 *4.27E-06 *9.75E-06 *

Nd- 147 9.57E-04 9.8011-03 *2.75E-03 *2.14E1-03 *

Totals J' 132E1-03 i'52E1-03 rP26E-rj3
or or or

0. 132 remn 0.052 rem 0.026 rem

*Les,, than IE1-05

61



PLUITONIIUM-239:

The weapon dropped on Nagasaki was a Pu-239 device; therefore some

unfissioned plutonium would be ,:pected in the fallout around the Nishiyama

Reservoir, and above-background levels of Pu-239 have been detected in that

area. Soil samples (10 cm deep) taken in relatively undisturbed areas (grasslands

and graveyards) in 1969, expressed in terms of surface activity, ranged from

0.015 Ci/m 2 to 0.038 ijCi/m2 with an average of 0.024 pjCi/m 2(20) . These

samples were taken in the general area of the maximum radiation intensity

recorded in Figures 1 and 3 . Soil samples taken in nearby areas that were not

contaminated by fallout from the bomb ranged from 0.001 to 0.006 WCi/m 2

2with an average of 0.004 pCi/m . Using the latter results as a background

level, the residual Pu-239 surface contamination from the bomb (24 years later)

was about 0.02 pCi/m 2 in the area of maximum fallout contamination. Due to

the extremely long radiological half life of Pu-2 3 9 (24,000 years), radiological

decay since 1945 would be insignificant; therefore any difference in the surface

contamination between 1945 and 1969 would result from environmental factors.

Plutonium-oxide, the most likely chemical form of the unfissioned plutonium,

has been shown to be persistent in soil.

Soil samples (30 cm deep) taken in the same general area in 1970 and

analyzed for Cs-137, averaged 0.8 pjCi/m 2 while similar background samples

averaged 0.5 piCi/m2.0 9 )  Subtracting background and back-calculating for

radiological decay results in a level of 0.53 uCi/m 2 in 1945. This agrees fairly
2

well with the calculated value of 0.37 pjCi/rn , especially since the exact

location of these samples relative to the location of the maximum radiation

intensity (1.08 mR/hr) used to calculate the surface activity is unknown. Such

agreement implies that the Cs-137 contamination in undisturbed soils has not

been significantly altered by environmental factors. Therefore, assuming

Cs-137 and Pu-2 3 9 behave similarly, the Pu-239 soil sample data mentioned

above can be used (unadjusted) to estimate the inhalation dose as follows:
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D. SA x K x BR x T x DF,l I

where D.i 50 year dose-equivalent commitment for organ i

SA* = Surface Activity (PCi/m
2)

K Resuspension factor (m-

BR Breathing rate (m3 /hr)

T Duration of exposure (hr)

DF. Dose Conversion Factor (rem/ pCi inhaled)for organ i

For the RCT-2: (t. 1104 hours; t f 2280 hours)

Bone Dose = 0.02 x 10- 5 x 1.3 x 1176 x 9.12 x 102 = 0.093 rem3

RBI Dose = 0.02 x 10- 5 x 1.3 x 1 x 1.54 x 102 0.016 rem

Whole Body Dose 0.02 x 10 - 5 x 1.3 x 1176 x 86 = 0.008 rem
3

For the Artillery Group: (t.i = 2040 hours; tf = 7704 hours)
-5 _56642

Bone Dose = 0.02 x 10- 5 x 1.3 x 5 x 9.12 x 102 = 0.447 rem
-5 5664

RBkI nose = 0.02 x 10- 5 x 1.3 x x .54x 10 2 = 0.076 rem

Whole Body Dose = 0.02 x 10- 5 x 1.3 x 5 x 86 = 0.042 rem3

TOTALS (Fission Products + Pu-239)

For RCT-2:

Bone Dose = 0.043 + 0.093 = 0.136 rem

RBM Dose = 0.017 + 0.016 = 0.033 rem

Whole Body Dose 0.009 + 0.008 0.017 rem

For the Artillery Group:

Bone Dose = 0.132 + 0.447 0., 5 7 9 rem

RRM Dose 0.052 + 0.076 = 0.128 rem

Whole Body Dose 0.026 + 0.042 = 0.068 rem

*Radiological decay is insignificant during occupation period.
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APPENDIX E

CALCULATION OF DOSE FROM INTERNAL EMITTERS

(INGESTED FISSION PRODUCTS AND IJNFISSIONED PL(ITONIUM IN

DRINKING WATER)

NAGASAKI

The maximum fallout measured in the Nagasaki area centered around the

Nishiyama reservoir, one of four reservoirs that served the city. In Appendix D,

the surface activity (piCi/m 2 ) of each significant radionuclide at the point of

maximum intensity in the fallout field was calculated for the time of

occupation troop arrival. Assuming the same surface activity on the reservoir

and subsequently mixed uniformly throughout (no settling or filtration of

insoluble components) the concentration (C ) of each radionuclide in the

reservoir would be:

C (pCi/m 3 ) . - SA( jCi/m 2) x Surface Area of Reservoir (m2

0 Capacity of Reservoir (m3 )

According to reference 13, the surface area of the reservoir (full) is 1.39 x
05 2 8 6 3

105m , and its effective capacity is 3.88 x 10 gal or 1.47 x 10 m

In order to consider the contribution from the surface activity that may

have washed into the reservoir from the adjacent watershed, the concentration

is adjusted by the ratio of the size of the catchment area (4.59 x 106m2 ) to

that of surface area of the reservoir and the use of runoff coefficient for

similar terrain (0.35). Since the size of the catchment area is slightly larger

than that defined by the 0.555 mR/hr contour in Figure 3, which is approxi-

nately half the activity level assumed above for direct deposition on the

reservoir, the adjustment factor (A) is divided by 2 as follows:
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WON---

Catchment Area (t2 x 0.35

Area of Reservoir (n 2) x 2

4.59 x 106 x 0.35

1.39x 105 x 2

5.78

Assuming a water consumption rate of 2 liters (2 x 10-3m 3) per day, the

activity of each radionuclide ingested during the occupation period is calculated

from the following expression:

QDRxAxCj e Xtdt
0

= DR x A x C0 o(l tf)D x~x
X

where Q z Activity ingested (p.Ci)

DR Drinking rate (m 3day)

A Adjustment factor

C 0 Activity concentration at time of arrival

X = Radiological Decay Constant (days-

tf= Duration of exposure (days)

After the quantity of each radionuclide ingested has been determined, the

50-year dose commitment resulting therefrom is calculated as follows:

D - Q x DF (organ of interest)

where: D - 50-year dose commitment (rem)

Q - Quantity ingested ( jCi)

DF z Dose Factor (ren/ Ci ingested)

0 0
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Similarly tor the other major Lrn ts with dtferent periods of exposure, the

doses are as foLlows:

For the RCT-2 (t - 95 - 46 49 days):

V) D D

(Bone) (N. M) ( hole B odv)

J'0.02 rem r 0.01 rei P 0.01 ren

For the \rtiller & roujp (t1  321 - 85 : 236 days):

I) D D
(,one) (IZ,\l) (Whole Body)

,r 0.07 re, drO.04 ren r 0.02 rei

(I S



1)IS I llll, U N 1'11

It I' l , , o dtIt ', 1c

A A .TIfl r t r

L A A t 1 11f t 1 IA t~

.<~~~~~i 'j , IT 
+  

r,]': ,, -rP'+. -u

it , %
-* t IIt PiI i i t t

J

" ' - iL AAq L-i -I

"\ r o'f Du "t' -TT
'ill I

tl A t t

it ' % A r R Mititl Ki' t I ti"< 7 ''i > .', , + , {]t ilI t' 'f't f f''i tr'' -

A T%

A tA AA -A'A I ,'> -P: [~ -J..-, . (r+ i

L A 'P 7 rly A' 0

-it("I o t vl~ '<

A A , 'i A T ',:

'i- - 1 L "

ir"
-- "~~~~k _-,1]P L, l ",f':'

++7%

; 'M : i~ I T :1 1( ] ;

. .++:+ r'+ ~ r. b~t ,,'+ .', ",: H .+ <,tl Li&duo



t I ',

T~ 1%

Jo t ft '-t f Li ,d

1 IV i tool';t , 10t t L Aq - .

T T dr.:T .T io r m Lit,

dry t vrt t itut t
i T Iii : j I tt

tim I. fEnic hetlt La Ul[m Luir i r -I Lvii c U vi' ' V it wt

AT 1.N

F l '-, e ra1 1 re'- t

J e A~pTTi [

NA a di wldtt " Ct 'It' - '

- u/AT N P i I Ie

t t C ri e it 1 Di v i i ar L V-i 3 1

>1 Fur "trtm , i 1

E [ Nt o Ia I Ca rrt i,, t i t u

''ojrl V 21V F. [ r, orI 11eI ta ' 1 ,a',i,)1

-tn I V-3TTN I t

'''Iti t- 1 rft ' ttr L -2) AT'T 1 rtj ieri

EV i I t 
Tr T I, I fl:

.: 'rid,ir L ', -t
tii t'o t IIoI i

t'; I att't - dIt'l -I

a I tl[] l I itt I I

JI ft~t f u n j

AT Tt
iT'

Nofitt

t ,I1 . t,,
7 '1 N II



,11r6L K C IVLRNML N' I. 0" iCJ <mit I ]ue'd)Il'A 1 l NT OfI LNLkRt Cu TkACTlIi

IN: k,. I T N: I'. V a i I1
buIN: A. bIe'. ;-

F3' ll0 1!1 &u]' !,',I Il ATT N I) frarir;
A7%:I .P I ony

tte 1 'eat 1ilect it Pub I ni Ilea I ulr ATTN:~ Teikrrr Nd iin~ lbrary
',0ei i t'01 r c.Dieases ATTN: V I nil

N ,.Pa f ferrb1)e rje'r AlITN L C I
ACT17 N M. Br

J t t i. Tt LIrio]ly ASSo'Ssiilerrt
AT'''' P. ra r fiia n1 un';ollrha ve n I i roria o i gaWrot r1 r

Te(,ciuniicadILj uppor t 0 
r fo r '. df-]uo rd1.

o ejreseiitative,, ATT.N A r iI

T i iliolmi tteo0 1) Mr 1i 1 lFe,' >' AT'N M. tN n e

of it recitt Po P LwrencIe Lir nor'~r !ii,,tiiiiilit
iiiliei'I en io on Nc Fripiiircr A'TTN: r Vb

tT t ei 1te o il run ti i i I ' AIT, T e ri r r ial r I lit, D ,-p r r3

11n f r i IU I o o~ 'q m1!1e I t'i

I , ! rl e r i 1 ip ita IATT'N p r OldIr, !
iLr.ieir t o Pn1tiolI ,jv; ATTN M/io6u2 T jwlnier

T L N sn tii raAT TN. J. Dui
2 y A TTN: DI! . r ir L . f uj

c i j cI tc <Inrv i e tops1)i -alI
1 - 0 to r t~r Res ea rchi Oak Rioqje Nationadl Labijtair

I(Oertsnr Nuclear Divis ion
ATTN: C .Rirsic
AT TN: G. err

'Li er',rccs ATTN : b-lb Lab beords biv
urw a r A TTN: J. Auv ier

ATTN: Centra 1 Reck L ib'ra ry
ATIN: C. CIi f fo rd

efrm's Affa i rs ATTN: F Miirnsnacn
row ATTN: . ttStor

te Oak Ridge ,dtririal Laboratory
G vuro~ nct Af fa irs 'real 1-h Ph Vsnrc s Ji v i si r

A-,T IN I ori

iwri' i ir Medical TCeriter Oak Ridge Operaticns effice
-- 'F ~ATTN: Lribra ry

bee
Saoirol National Lab

Nr':rMe !i Lter ATTN: D. Aldridqe
;TN D. McGregor ATTN : S. burlrno

e
t
r'Adiir Medical Center DLErARTMLNT CT 1KLFLS CONJTRACTOR,

F. Inju loens Center
rt'ir/ oPrvl,,e Advmnrred Resna rin & Aptl Iicat inns Co rv

,77!2:C 'onsor ATTN: P . A ris teac

Otoera in Ti i n , idswortn lioslital Ctr nFi~irsity if Aolos
1chool Of Moainoir

lT,: a' i nooc ATTN: L ibhr a r

i t-rat idlI Ii 'trt ior Urroovr'srty of Alarbata
T% 'tb4 n bcchool of Lest istry

isr:AlTTN: L .Marcsoc-Hri i

T tijr 1, c Li tliany Ned Gill of bn ion Ned Ctr oiisp
ATTN: L ib r aryj

HFt) I. ion De



AkiN: I.tern

T i[,i .'rJ i i v(- 's i ty ofi 1 i toilt, ii
CacR' lelIts I o"t i)ik

- '' 1, 1 tI',,il ATTN: i. joovd

.Iii vel'i ty iif CalI ii rria, .iv'

'o u tt ,rtATTN :L ibryy
N rI I tF 'rY Or' fil 'I ep t

un iversi ty oft CalI i feurv ida, I r v i n-

.- ' I~ 'I' f Mca 1 Coi o1 ge o)f Med ict i ne
T iT T L 1 ira y ATTN : L ickra ly

N 7'- Ca rn iegi c I ri st Icut io n o f A a,,sri iig to i

, .% oradibic k A T TN: . Lliert

sj : veri t Ca so eWeS t er?) Res e rve Uni jv
i %:L ibUrary ATN: Cibr'a r,/

e a in a [ "n of fled of tarn Forest dvi v Me isa S )c hoolI o f Ci i i cage(
AT' Li bra ry ATTN: C i1)ra ry

1)1w .:n i v P1 seraulI ill Medicinn Unvrsi ty if Cv iago
T L i braryj ATTN: P , Meoier

niiv at C, nh of Mood at Sani Diego Dniv of Cinsintrati Medical Collce
ATTN. N. ahikin AT TN: C. BUu~cfer

is oftC at Los Angeles University of Cincinnati
ARTN: L. lirenl;ow ATTN: Lie! ra ry

Ca i fern ia o(s ti Cute of Technol ogy University liospi ta1 of Cl eve]land
ATTN: E. Cewis ATS: A. Tacker

flm if Cal ifornia at CA Colorado State University
ATTN Lierary Department of Radiology & Radiation dielogiy

ATTN: M. Zelle
'nv of Cal ifornia at LA

Lab o)f lIuclear lMedicine Uiniversity of Colorado
CT' i brary ATTS: L ilirary

jria f I a] ifornia , Si, Diego Columbia University
CTT inhrary ATTN: A . 8 1 oor

1 i .)f a i rjrn ii , )a! D f,(oA TTN: Lib ra y

ll. r. aker- Ccl avbia University
School of Public Hiealthi

uis Of 
0

iil Ifornia, ')di tran-isso ATTN: Div of biostatistics
TT L ibrary

Ciii vers i ty Of Levees0t LAi
Si jkq' i t' Il i folri I ATTN: C iira ry

T T' Di on
T T' t i r eioo p r Ned isa l er tler

AT TN:> Fi nch

ar' f a]I if i.
"in~l~ 1 - em iI tsi ibta ry itrli'l1 I ni a Moo r..l Loll en

A ,TN : L ibriry

i-1ii 1 'n Wi-s, Cornre I Is vel-ily
I / ~~ATTN:a.'rrr

ii f I tr i a in- i qh toii 1i si t'>er i t'

7% - 1 Ir, ARTTS: i b tr



OL PAI MNLNI 0F L F LNSL CONIkAC1u o rit i,O dF L ,A3 I MI N ii i LIIfSl CUNTkALToRk, (Coritinmued,

Dlrt!ioztni Me'dicalI >iiiiol imll/wo Pr-.h4 ntlyti-ricr, iuji itl

A' T %: -it)r-ar-y A1 IN: J. VOa:ya i

Dle;-t Of 1ilgia 101 utuI dI ) IC(s' at uL A nn "Ii~ if IV II t, if oii5 - Mr'dI yfl I-iintr
Al T N: NI. A'iitrioiiy A TN. 11. i'..it

Juke tic11 SuLiOOl of Motiik iii' t.i iy i','I to
ATN: L i b r y AI 'N 1'iP.

Lasto-n Virgiril: Meical Scenoul Iirn~ I II -,ryii.ol
ATTN: L iobr-ary AlPTN I i iiir

Litor'y Uniiv Suriool of Meoiciiinen ;rlid)! Vi."II i,
ATTN: L i bra ry Al T 1, - i, in,

Energqy by; toils, Inc hiiiioj, unIvcr i tj
ATTN: B3. Ogle Di-pa titn ct ofi'io 111

.!iiiers ity of Florida
ATTN : D)iriec tor o f L i b ,ies ,Reg i oii 1 low,, Atf [liver ity

ATTN . iq -of
Gener-al Electric Cocipa iy

ATTNi: Myr, Biology Operations Uni cuvrs i ty o f I owa
ACTTN L i irary

Geo rge town U n iver-s ity
ATTIl: L i brarYy JAYEQOf

ATTN: J. cOzeroff
Medical College of Geor'gia

ATTN: L ibhra ry JAYLUR
APTST: J . syoer I i riq

Nledical COTle(co of Georgia
Departieiit of Piatnology JAYCOR

A T TN: L . S todoair'd ATTN: EL . or y

Gor-ortology Research Center, Thomas Jeffersonir [Iiiv, Mledical Col lone
ATS: N. Snock ATTNJ: L ibr'arvy

(Tee. Washingtoin Univ9 Sch of Ned & flealIth Sciences JO ns o S k Wicc I 'Wos 0i Itd I
ATTN :liiirielfaoab HoaltLb Sciences Library AP7TN, : iP, ce

tanhi emarmr Nod Cul logo & losp John, o p3k its, nii cr city
A TSTN: L ibrYa ry ATTN: Lil tc-,ry

rarcard Medical School John,, iil pIi n [UIi iI, r i t v
ATTN : L ibr'a ry icnool o f hii qene allu, ii IHp tn

AN P Sr It er-
irvard School Of Publ i C inca 1 tn ATTN Art i i ha 11
Jelpartitient of Iiostatistics, ATTN A .L i I urf i Id

ATTN: R3. Reed
ATTN: L ibrar-y JFKAsB~ in fec

APT T N c: J.Nvtne

Hiarcard School Of Pub ic ileal tn
Depar'tiiint of Lpidemiology Kaiici-TLMI o

ATTN : K . Macriahon 3 cy ATTN:f Mlan tiir

arvar'd Uniiersi ty Kalan -TELI I
k-pljar teen t of Atliiocnber it Sc ienices ATTN: Al fun Lu

ATTN: 4. Cochran
Join oif inCaLoll if heal"I to l jt& Gp

mnri ty of Hawaii ATTN: L i srariy
ATTN: Library

Uni c of Lent , Ly Medical Centefr*
or il f iawa n ATTN J . HOT 1 i ngwortn

Io I o f Pl it le !,. to
'TTS: Y. Ma tIcuivito Uri i cern i ty of runt at(- y

ACTSN Lib1)raryv
ic 'rTi ty of lawa i i

ATTN: Library



. T
i  

'> it ,I PAP M i I1 :A 1F NA i p it

t' *l '+ , '. 1]i ( I ,ft '.1 ltir , [ (ii - M lii il''> t.i

-7' " f ,I , - Mi iiii < 
,I

I ; : I l rr

I1 i i. i1 r'I t ,t M i I ot
n"')u i o f P A!,Iil i l- eu Ith

,1 l i',, i, ' ~ ' ' '.N '. - rtiii , io A TNr litrry"

it, , t ATTN: L. S(.1huimi
ATTN: J. Bea ri1a i

T L 1:,r , riivtIr ity f Mississippi
ATTN : Library

•T: i r , Uni vrsity of Missouri
Al TN: Library

o ip:jiI- & Lilvi.iliie t kn'iri :list, kilL

ATj : p. dii'y in iivprisity of Missouri
aiil,US ,ity L, hool of Mecii ire

Loyola lriiv at Lhicao ATTN: L i irty
ATTI: Librury

M,,u, ;t itoi ) h o f Medircine

Universitv of Maryland ATTN: Litriry
ATT: Li brary

ti'... A, oder i of Sc iences

University at Ma-ssacnusetts Ltl : oii. bln
ATTN: Lirary y L ATT : C. Robi!,ette

Mayo Medical School Natioinal Asso of Atoiic Veterans, isc

ATTN: Library TT~i: J . Kelly

Meharrr Medical College 4dt, ', 'Lii ii aon Ra Pi t & '.ere -nts
TN: Library A : Sinclair

Memorial Haso for Cancer & Allied Diseases Hriv of North Carolina
ATTN: P. Lieberman ATTN: Library

Memorial zloan-Kettering Cancer Center Uriversty of Nebraska
ATTi: J. Laughlin ATTN: Library
PTN: P. Marks

University of Nevada, Reno
Mercr, Seapp & Dohme Intl ATTN: Library

ATTN: A. Learn
College of Med & Dentistry, New Jersey

an iv of Yliani ATTN: Library
ATTN: Library

University of New Mexico
.niversity of Miami ATTN: C. Key

ATTN: P. Hodes ATTN: R. Anderson

University of Michigan Medical School University of New Mexico
ATTN: .]. Neel ATTN: Library

'lichiijarl tate Urilv New York Medical College
-T%: Library ATTN: Library

'riversity of Michigan New York Univ Medical Center
ATTN: Library ATTN: N. Nelson

,niversity of Michigan New York University
Departii:ent of i:iostatistics ATTN: B. Posternack

TTTN: R. Cornell ATTN: A. lipton
ATTN: Library

Jnivr;ito of Miss man
chool of Pulblic sIealtii State Univ of New York

ATT',: F. Monre ATTN: L ibrary

7,1 , 4



i PAR7MLN' i .1.ii ;.'4 LNTRA Tdk, cutltijt td IPARTMIt T Of WIFI uNt" T AI Ft j

tt L, 1 ,1 '1', ''i fluti Ace r ita It, iti , 1 1. '

to. , , MCI: Il i , i ATI N: t itIt
I T,: Li-u.'

.eijt Vl IvIllt' I ii, t" hI,~IItMt.
he t ,--.i -, i , to I I me o t M( d T, i

T T' i: ',uiib ,,n ATTNq: i I:,, i

tll t of MOiItit' & .eltiStr. V O i ivte,.Ity Uit F V-ii.y I l,
, TN: [ i rar ,houlI if M i',dI ie

ATT, . Nowel

U IV l -r i er ity ll Nortc Car ri iid
RATT : Litr ry for 4ear, Ullwiversity of Pel; l vt 1lo
ATT: .N Greenbtu r Syihio Il of mdic 5Ie

AITN: I ituary

University o t North Dakota

AT T%: LiouI'ry Univ of Pi ttsburg
Graduate Schoo I of Pub I ic V t

N orthwestern 'ledical School ATTN: L. Radford
ATTI: Li brary ATTN: Librdry

torthwesteri Univers i ty University of Pittsburjh
ATTN: if. Cember Aldi Magee C ife hall of the 1evlth Profi- tot s

ATTN: Library
st ,niv of NY at buffalo, Sch of Med

ATTN: Library University of Pittsburgh
Graduate School of Public tiealth

>t Tniv of N'i , Stony Brook ATTN: N. Xald
ATTN: Library

Purdue University
Oak Ridge Associated Univ Department of Statistics

ATTN: M. Garber ATTN: V. Anderson

Oak Ridge Associated Universities R & D Associates
ATTN: E. Tompkins ATTN: J, Marcum
ATTN: J. Totter ATTN: P. Haas
ATTN: D. Lushbaugh

Radiation Research Associates, Inc

Medical College of OH at Toledo ATTN: N. Schaeffer
ATTN: Library

Rand Corp

Ohio State University ATTN: Library
ATTN: Library

Reynolds Electrical and Engr Co, Inc
-niversity of Oklanoma ATTN: 4. Brady

ATTN: Library
Univ of Rochester

Ur iversity of Okldorlia Medical Center
ATTI: P. Anderson ATTN: G. Casarett

ATTN: C. Odoroff

Univ of OR nSC, Scn of Med
ATTN: Library University of Rochester

School of Medicine & Dentistry

Oregon State University ATTN: Library
ATTN: Library

University of Rochester

Jniversity of dregon Department of Radiology
iTTUI: L. Pirofsky ATTN: L. Hempelmann

Meoica Coliege of PA Rush Univ, Rus', Medical College
ATTN: Lirary ATTN: Library

0
os;i of 'niv of PA, Dept of Radioloqy Saint Francis Hospital

ATT' : S. Baum ATTN: R. Blaisdell

/acifi. Nortnwest Laboratory Saint Louis University
ATTi: C. Marks ATTN: Library

Pacifi:-jierra Research Corp
AT'',; 't. Brole

TS i



[ I ii ut n' Me'! Il I l1'. I aet", I tj ot llt .t ,
A I LA ititi y AT I N: L i h ro r /

ii , e p I I it t I I" i , I ill- 1 iA, ' M Hill sIr -nI I

-'kI N I. traklr AT .C:<t ti

IJTN: U. ke'i'oId')
AT T A. c,t t "Ad i at Av
AT N A. ,o ou A T I: ',j ntt

>L-iOrilt Aip? Ta nrI. ,tTiit ,Toin [111 vlrI i ty
AT T N F.CoL,J ~ n A T TN 1bra ry

A"F : r I. .jr c'
AT T% J. Goety [En i ver-t i ty o f Te , d

_y T17 ~ M 11,1rir 'i)L t mwe. te rm . I L t j I
Y Tv 1 '1 J' M, na; ATTN : L i bnu ry

'-c liLoe App] i Lat lor,, ,I n Ui vers ity of Texas I
. i caji Offti Le Me i ca] 1Branrc h a t GalIve tui

ATTTN D . r..iiI ATTN : L ibra ry

')ciI elit IfI ;tlftiati.d. LII : Je, r'Uinersity of Texas
ATS:N t, Urar vi lea' ' iern ce Cenitt er a t muto ',ton

ATTNF i bra ry
I edj -arrleri ~' ai a tiori iLb

'C , '. nir University of Texas
rica] th Science Center at Nan Antu'i i

I .i , iii) ACTS Librar

Uin ive rsi1ty o f Te xas
Ir 1 I fj It -, tn ,aL~ 111in Mc2d(i La Ucniooil of Pab] it nc d I ts

1i -4 1 AlTTN: R . 'Ita I Io t

'r I, t' t!i wI o ''to [n ivers i t (it T
* ,. tan yu telis C'1 ruin Cenlter'

ATTN:a iu
j t. , ~' l rror

S. i~ar .Uiversity of Tea,
GraIdua te Srnol i uf 1nIlI idL LliiirI f1

I iiirl)Ia ATTC: U T a 1on

T ibacc(o ns ~Ti tjte, 1'
'n fifrnir ATTIN: Maeiai

Taf itI Ui iv itfl of Mcd olun

I ' AT: UL 1,ra, ry

Talaraite Ui vers ity
'', i + r. i enSir, AI' T4: Lib)ra ry

UCLA liedi,-al Center,
ir r1  ATTNr J. Lawrence

ji ii aitjtn Lnteraloijy, P. Gregory
-7frvMI~ * U.Brown driii vers i ty o f Uta h

A ii IICo]llege of Medicine
ATTN: Library

"lo If University of Utah
Serials Order Departie ,t

dr'i i, ''~ptalATTN: Library

Van dcerh ilL U n i vncr i ty
Ucnool of Medicine

W~e;ATTN: Librar v

'it. TVanderb ilt Li ners t
1! a rDept of Preventive Mediire S thE iL hoil tlr

ATN: R. Qvinn

,o



IL PAk TME N'J IE Ntt LJNILALTuR' Collitiiiuid) if AiMIC I .-

TN:L ib v ij .)vli'tuit F ~usi~i, i tI,

o~ ~a IhjUt V i i Hiq i I I. Ii
AT TN: L ibra r1 ali 'l it,

F I N I~ I

ATTN Li brar1Y LDF - P[ TN I

Ad Sri I fiHj i to11 Hi V UrV' i ty A T TN i t ,iiy

A TIN : Lib ran r-1 v id i ( o u 1 1 o Mid I I( P'j
A T TN 4.T- vi

i v ui Y"; t y of Ad >1n i iiilt n

Schoo 1 ot Med I , le Jadaiidv I I ii(AVi Lv

AN:L i 5rari ,y ATTN: G. Shobi-

Jii Si iy oft asnIitor? Maar i cl De IpIad

hbou o f aut)l in u
1  

I e Coiiu n ii ty Med ii ne ATN: M , De;)Iad

Mc~i I1 dI ni Hers i ty
,in i vrs ity of ~Aan inj touIi ATTN : V I.j . 5 111

R,-oil F Of It 1 ii LIIi
*T Mo tisky Pr-esiucote Jinoerto 0 Olit

ATTN:L it)ra ry
Aayne i tdato i i v era i ty

A, -TN :L I)ra 1  
dr Uivirsi ty of Puer'to Viac),I

ATTN: Library

ATN Loibira United r ogden10 unLieiltUl %'1 1i
AlT:' Purl i at i ii..

rr f A m(on ai r MeudICalI ScniooI

ATTN L i Li a r.

i iv e-oi t, o f A i scjni n

A T T J dr-ov

ai T tiii-,i ib'ii
-iD ti t ,Iicnl.ld

2,,T~~~ -ik c1 e



('I

'S



DEFENSE NUCLEAR AGENCY
WASHING] ON, I) 20305

I c ~ N13 April1 1981
NATD)

SUPJECT: DNA Report, "Radiation Dose ieconstruction U.?. Cccuoatior, Force2:
in Hiroshima and Nagasaki, Japan 19h5-1946 '

SEE DIST-RIBUTION

1. The Defense Nuclear Agency, as the Department of Defense (-o?)
executive agency for matters relating to low-level ionizin7 radiation,
is conducting an extensive review of radiation exposures to military
personnel who have participated in all aspects of the United States
nuclear weapons development programs. This program, termed the Nuclear
Test Personnel Review (NTPR), was begun in 1977 in response to concern
over rossible health risks as a result of very low level radiation
exposures.

2. Similar concerns have been expressed with regard to U. S. veterans
who were involved in the 1945-1946 occupation of Hiroshima and .,arasa:i,
Japan. DNA has expended a large research effort to recover from recors
and historical documents all available data pertaining to the occupation
of these cities and the possible radiation exposures of these troops.

3. The enclosed report by Science Applications Inc., written under
contract to DNA, provides estimates of upper limits of the radiation
doses that would have been possible for members of the occupation forces
to have received. These dose reconstructions are based upon: (1)
patterns of residual activity measured, documented and published shortly
after the bombings, by both U. 9. and Japanese investigators, (2) extensive
review and analysis of this residual activation in the ensuing decades,
(3) the documented history of the occupation, including arrival and
departure dates for each Army and Marine Corps unit which operated
in the vicinity of the cities, and (4) current dose calculation methodooici.

h. DNA believes this report accurately represents a conservative
approach to dose estimation, and that the upper limits estimated are
reasonable and appropriate. Your review of this report is invited.

1 Enclosure K;FY A./CRIFF1l
as Lieutentant General, USA

Director
DISTRIBUTION
(See Page 2)
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Wake Forest University
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ATTN: D. Aldridge ATTN: Library
ATTN. S. Durpee

Brown University Program in Medicine
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Advanced Research and Applications University of California at San Diego
Corporation School of Medicine
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University of California, Los Angeles University of Cincinnati Medical College
Medical Center Division of Epidemiology and Biostatistics
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University of California, Berkeley College of Medicine
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University of California, Los Angeles University of Cleveland
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ATTN: Library Department of Radiology
ATTN: A. Tucker

University of California, Davis
School of Veterinary Medicine Colorado State University
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ATTN: Library ATTN: M. Zelle
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Department of Zoology
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School of Medicine ATTN: Division of Biostatistics

ATTN: Library
University of Connecticut
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Duke University of Medical Center Department of Epidemiology
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School of Medicine University of Hawaii

ATTN: Library John A. Burns School of Medicine
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Energy Systems, Inc
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ATTN: T. Bancroft University of Kentucky
College of Medicine
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